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EXPRESS MAIL LABEL NO: 



SOLID STATE ELECTRICAL SWITCH 
Zhongdu Liu 

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS 

5 This patent application is related to and claims 

priority of US Provisional Patent Application Serial 
No. 60/130,919, filed on April 22, 1999 entitled ^^Solid 
State Electrical Switch", Attorney Docket No. P-6043 
US, also owned by the inventor of this patent 
10 application. 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an electrical 
15 switch. In particular, the present invention relates 
to a single-pole solid state electrical switch which 
can be directly connected to the AC power lines. 

2. Discussion of the Related Art 

The basic electrical circuit includes a power 
20 switch, and a load connected in series with the power 
switch, connected across the output terminals of a 
power source (e.g., an AC outlet) . Typically, the 
power switch is a mechanical device which makes or 
breaks an electrical contact . The electrical contact 
25 is made or broken by a mechanical force provided either 
manually or through a magnetic field (e.g., a relay). 
A manually operated conventional mechanical switch 
typically toggles between '"ON" (conducting) and ''OFF'^ 
(non-conducting) states by a mechanism of levers and 
30 springs. Such a power switch has typically a low 
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reliability and a short life-time, especially when 
operating in a hostile environment (e.g., high 
temperature, high humidity, dusty or corrosive 
atmosphere, and severe vibrations) . Such a power 
5 switch is susceptible to failures resulting from 

mechanical wearout , corrosion, wetting, contact welding 
or contact miss. Under some circumstances, a failure 
of a power switch can lead to fires and other 
industrial accidents, endangering property and lives. 

10 To improve performance of these conventional mechanical 
switches, expensive modifications and use of precious 
metals are often required. Such improved switches 
remain susceptible to wearing out and frequent 
maintenance. Load damage can result from a defective 

15 mechanical switch. 

Typically, in a conventional power switch, if the 
power switch is in the '"ON" state when the interruption 
occurs, the power switch does not reset itself to the 
""OFF" state after a power interruption. Under such 

2 0 circumstances, accidents can often occur when the 

supply of power is resumed unexpectedly. For safety 
reasons, in many heavy machinery, magnetic contactors 
are provided to reset the power switch. Such magnetic 
contactors typically are cumbersome, expensive and 

25 complicated, dissipate power and create ''low frequency 
hum'' noise. In areas where the power supply is noisy, 
i.e., where there are frequent transient ^^snap-offs" 
and ""power slots", the corresponding frequent resets 
required for conventional mechanical switches create 

30 significant inconvenience. 

In a conventional mechanical circuit breaker, the 
electro-magnetic tripping or/and thermal tripping 
mechanism for overcurrent protection is not designed 
for frequent operations. When used with conventional 
35 mechanical switches in an electrical circuit with many 
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branches, such a circuit breaker does not individually 
provide overcurrent protection to branch circuits and 
terminal loads. Typically, in most home or office 
applications, a master circuit breaker provides 
5 overcurrent protection to a large number of switches, 
so that overcurrent in one circuit results in shutting 
off a large number of circuits protected by the same 
overcurrent protection . 

For over-voltage protection, a solid state device 

10 of the prior art (e.g., a solid state switch) is 

typically protected by a protective device which can be 
either a varister or a special thyristor connected in 
parallel with the solid state switch. In the "off" 
state of the solid state switch, when a substantial 

15 over-voltage occurs (e.g., when the voltage across the 
solid state switch exceeds the '"breakover" voltage of 
the thyristor) , the protective device becomes 
conducting to limit the voltage drop across the solid 
state device, thus protecting the solid state switch 

20 from damage by the over-voltage. However, if the over- 
voltage persists, the high current in the protective 
device can generate sufficient heat to irreversibly 
destroy the protective device over time. Thus, such an 
over-voltage protection scheme is expensive both 

25 because of the cost of the protective device and also 
for the cost of replacing the protective device. 

In addition, conventional switches are not 
practical for implementing mult i -point "random" control 
(i.e., to allow switching "ON" or "OFF" of a piece of 
3 0 machinery at any one of multiple locations) beyond 
three control points, because of the complex switch 
logic and the large number of wires that are required. 

Because of the cost and the above disadvantages of 
the conventional switch, a solid state electrical 
35 switch is long desired. However, until now, one 
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fundamental technical problem has not been solved --a 
solid state electrical switch is necessarily an 
electronic circuit. As an electronic circuit, a DC 
power supply is typically required. In most integrated 
5 circuits, such a DC power supply operates at one or 

more lower DC supply voltages, such as 2.7v, 3.3v, 5v, 
or ±5v, ±12v, . . . , ±35v, . . . between power pins (or 
Vdd) and ground (or V^s) • Thus, unless a battery 
provides the supply voltages, a power supply circuit is 

10 necessary to provide the operating voltages. As a 

power switch, which is typically connected in series 
with a load, such a power supply circuit necessarily 
draws a current through the load, in the form of a 
leakage current. Such a leakage current, even though 

15 from several milliamperes to tens of milliamperes , in 
fact, operates the load under an ^'undervoltage 
condition." While such a switch may still be 
acceptable, for example, as a electronic dimmer in a 
lighting application, such a switch would be 

20 unacceptable, especially from a safety point of view, 
in applications such as fluorescent lights, AC motors, 
transformers or other appliances. For example, under 
the safety standards in virtually all countries and 
recognized safety organizations (e.g., the Underwriter 

25 Laboratories) , a power switch which allows a leakage 
current in the milliampere range or higher is 
considered unsafe. In fact, for this reason, dimmers 
and electronic timers, even though connected serially 
with the lighting, are considered electronic appliances 

30 or loads rather than power switches. In many 

applications, where safety is a paramount concern, an 
additional conventional mechanical switch is often 
required to be provided in series with the electronic 
dimmer or timer. 

35 In the prior art, without exception, the 

electronic circuit of a 2 -terminal solid state switch 
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is connected in parallel to the load current -conducting 
component (e.g., between the two anodes of a triode AC 
switch, or TRIAC) . Examples of these switches can be 
found, for example, in U.S. Patents 5,550,463 and 
5 5,03 0,890. Thus, these switches draw a significant 
current during the solid state switch's "off" state. 
From a switch current requirement point of view, any 
one of such 2 -terminal solid state switches is not 
different from a solid state switch which draws a 
10 current through a third terminal directly coupled to 
the power source . 

In addition, in the ''ON" state of a solid state 
switch of the prior art, the voltage drop across the 
solid state switch (e.g., across a TRIAC), V^n-sat/ is 

15 typically 0.8 to 1.8 volts AC. Thus, the electronic 
circuit of the solid state switch, which is connected 
in parallel with the switch terminals (i.e., across V^^- 
3^^) , does not receive sufficient rail-to-rail voltage 
for proper operation. Alternatively, for example in 

20 U.S. Patents 3,660,688 and 4,289,980, to obtain the 

operating voltages from the two terminals of the solid 
state switch, the voltage drops V^n-sat'^ across the 
solid state switch can be maintained at the higher 
voltage ranges of 2.4-4.0 volts and 12-14 volts, 

25 respectively. However, in those solid state switches, 
the power dissipation can be significant. For example, 
if one of the solid state switches of U.S. Patents 
3,660,688 and 4,289,980 is used in series with a 120 
volts, 5-amp light fixture, the power dissipation in 

30 the solid state switch would reach 12-20 watts, in one 
case, and 60-70 watts, in the other easel To handle 
such severe power dissipation, not only are bulky heat 
sinks required, the resulting low performance and 
insufficient operating voltages across the load render 

35 such solid state switches impractical and undesirable. 
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In Figure 1 of U.S. Patent 4,703194 to Brovelli 
( "Brovelli" ) , a 2-terminal network is disclosed. 
However, as in the prior art solid state switches 
discussed above, the main switch formed by the 
5 rectifier bridge (i.e., diodes 1-4) and the silicon 
controlled rectifier (SCR) 6 provide an ^^ON" state 
voltage drop V^^.g^t of 2.4-4.0 volts. Thus, as in the 
solid state switches discussed above, a load current of 
6 amperes would result in a power dissipation of 13-24 

10 watts across the solid state switch. Further, to avoid 
SCR 6 from switching off when the AC voltage crosses 
zero volts, the ''ON" state of Brovelli' s solid state 
switch is maintained by the charge stored in capacitor 
7. Capacitor 7 maintains a voltage (e.g., 0.7 volts) 

15 exceeding the trigger voltage of SCR 6. However, 

polarized capacitor 5, which Brovelli requires a l-|if 
electrolytic capacitor and performs a low-pass 
filtering function for the load current, cannot be used 
to sustain a load current exceeding one ampere. Under 

20 normal "OFF" -state operation, an electrolytic capacitor 
working on high voltage and high ripple current 
conditions, or a harsh surge power line, the leakage 
current flowing into the load can cause a breakdown, 
leading to undesirable and unpredictable results. 

25 Further, to ensure that the solid state switch has 

high sensitivity, SCR 6 must be of high sensitivity 
also. Typically, because of the high sensitivity 
required, the gain of SCR 6 is relatively low, and thus 
can carry only a relatively small current (e.g., 

3 0 TIC106D SCR is rated for a current of about 1 ampere) . 
In order to provide a higher current, a high power 
component, such as a TRIAC, must be included in the 
solid state switch. However, such a TRIAC would short 
the anode and cathode terminals of SCR 6, draining 

35 charge from capacitor 7 at the gate terminal of SCR 6, 
so that the "ON" state of SCR 6 cannot be maintained 
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when the input voltage crosses zero. Thus, Brovelli's 
design cannot be used with practical currents, and 
cannot be extended to handle a larger current by simply 
including a high power component . 

5 Furthermore, Brovelli's solid state switch is 

turned on and off by triggering highly sensitive SCRs 6 
and 9 through small currents created in touch plates 15 
or 14 through resistors 8 and 11 respectively. 
Currently commercially available high-sensitivity SCRs 

10 (e.g., Mitsubishi's CR02AM and CR03AM, and Motorola's 
MCRlOO-8 and TIC106D) all require at least 200 i^A to 
trigger. However, when a human body contacts a touch 
plate, such as touch plate 14, the impedance between 
the touch plate and ground through the human body can 

15 often be as high as 100 m-ohms, thereby providing a 
current much lower than 2 00 \xA and insufficient to 
trigger SCR6 or SCRS to effectuate turning Brovelli's 
solid state switch '"ON"' or "'OFF". At other times, the 
resulting impedance between the ground and the touch 

2 0 plate through the human body can cause a current 

exceeding 200 \iA, thereby causing electric shocks or 
raising other safety issues. For these reasons, 
Brovelli's solid state switch is deemed impractical. 

25 SIMMARY OF THE INVENTION 

The present invention provides a fully solid state 
2 -terminal electrical switch (referred to as the "Liu 
Switch"), which can be used with a single pole 
application (i.e., the load and the switch are coupled 
30 in series to an AC power line) . The Liu Switch is a 

static switch which does not include any mechanical or 
moving component, and therefore is not susceptible to 
wear and tear. As the Liu Switch does not include 
mechanical contact points, it does not create a spark, 
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an arc, corrosion, or mechanical noise, and can 
withstand operations in a hostile environment, such as 
a high temperature, high humidity, corrosive, dusty or 
intensely vibrating environment. 

5 In one embodiment of the present invention, the 

Liu Switch, which can be directly connected in series 
with a load and an AC power outlet, includes (a) a 
semiconductor switch device controlled at a control 
terminal by a control signal which determines whether 

10 the semiconductor switch is in a conducting or non- 
conducting mode; (b) a rectifier receiving an AC signal 
from the terminals of the semiconductor switch device 
during the non-conducting mode of the semiconductor 
switch; and (c) a control circuit including a capacitor 

15 which (i) is coupled to receive the rectified signal of 
the rectifier during the non-conducting mode of the 
semiconductor switch and (ii) is discharged in response 
to an electrical signal from a gain circuit coupled in 
parallel to said capacitor. 

2 0 In one implementation, during the non-conducting 

mode of the semiconductor switch, the rectified DC 
signal maintains the capacitor in a fully charged 
condition. The semiconductor switch remains in the 
non-conducting mode until the electrical signal which 
25 causes the capacitor to discharge is received. The 
electrical signal which causes the capacitor to 
discharge can be, for example, an electrical signal 
associated with a button being pressed. After the 
capacitor is discharged, the rectified DC signal 

3 0 provides a charging current to bring the capacitor back 

to a fully charged state. This charging current then 
provides the control signal, in the form of a trigger 
signal, to put the semiconductor switch into a 
conducting mode. The conducting semiconductor switch 
35 causes the capacitor to discharge. However, at each 
zero-crossing of the AC signal, the semiconductor 
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switch device momentarily becomes non-conducting again, 
so as to allow the rectified DC signal to charge the 
capacitor. The charging current then regenerates the 
trigger signal to put the semiconductor switch device 
5 back into the conducting mode. Thus, once the 

semiconductor switch device is in a conducting mode, a 
regenerative or feedback process provides a control 
signal (e.g., the trigger signal) that ensures that the 
semiconductor switch device remains in the conducting 
1 0 mode . 

In one implementation, the control circuit further 
includes a second gain circuit responsive to a second 
electrical signal. The second electrical signal causes 
a signal path to be provided between the control 

15 terminal and a common ground of the control circuit, 

thus interrupting the feedback process by shunting the 
control or trigger signal to ground. 

The control circuit further includes an 
initialization circuit having a capacitor (the "second 

20 capacitor'') coupled between the control terminal and 
the common ground. The second capacitor has a 
capacitance larger than the capacitance of the 
capacitor of the control circuit (the ^^first 
capacitor"). A forward-biased diode couples the 

25 control terminal to the second capacitor. A resistor 
connected in parallel with the second capacitor, in 
combination with the rest of the control circuit forms 
a circuit (''Liu's Network") with multiple time 
constants. In one the embodiment, Liu's Network serves 

30 as both a state memory and an initialization circuit. 
At initialization (e.g., when power is first applied), 
the second capacitor of Liu' s Network provides a large 
capacitance which absorbs the initial charging current 
of the first capacitor. Thus, the trigger signal that 

35 places the semiconductor switch device into the 

conducting mode is prevented. As a result, the Liu 
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Switch remains in a non-conducting mode upon 
initialization. 

Further, upon a power interruption occurring when 
the Liu Switch is a conducting mode, the Liu Switch 
5 remains in the conducting mode if the power resumes 
after a time period less than a predetermined time 
interval, and becomes non-conducting when the power 
interruption lasts longer than the predetermined time 
interval. Within the predetermined time interval, 
10 Liu's Network serves as a state memory which retains 

the conducting or non-conducting mode of the Liu Switch 
prior to the power interruption. In one 

implementation, the second capacitor is realized by an 
electrolytic capacitor and an unpolarized capacitor 
15 coupled in parallel. 

In one implementation of the Liu Switch, the 
control circuit further includes a second gain circuit 
having a terminal which receives an external signal. 
Absent the external signal (e.g., a trigger signal 

2 0 generated by a button being pushed) , the second gain 

circuit does not draw any current and has a high output 
impedance . 

According to one aspect of the present invention, 
the Liu Switch further includes a zero-crossing 
25 detection circuit coupled to receive the rectified 

signal and coupled to the control terminal . The zero- 
crossing detection circuit prevents the control signal 
from being asserted except when the instantaneous 
magnitude of the rectified signal is below a 

3 0 predetermined voltage. In one implementation, the 

zero-crossing detection circuit includes a transistor 
which shorts the control terminal to common ground when 
the instantaneous magnitude of the rectified signal 
rises above the predetermined value. In one 
35 implementation, the zero-crossing detection circuit is 
implemented by a transistor controlled by a voltage of 
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a voltage divider between an output terminal of the 
rectifier and a common ground. 

In addition, a light -emitting diode (LED) and a 
Zener diode connected in series with the voltage 
5 divider can be included. The LED can serve as a ""night 
lighf to allow the electrical switch to be visible for 
certain applications. 

According to another aspect of the present 
invention, the Liu Switch includes a current detector 

10 coupled in series with the load and the semiconductor 

switch to provide a signal indicative of the current in 
the current detector. In one embodiment, the Liu 
Switch further includes an overcurrent protection 
circuit which forces the semiconductor switch into a 

15 non-conducting mode when the current detector indicates 
a current exceeding a predetermined value. The current 
detector can be implemented by a transformer. In one 
embodiment, the overcurrent protection circuit includes 
temperature- sensitive components, so that the threshold 

20 for overcurrent protection circuit can be self -tracking 
and adapted in accordance with the temperature of the 
environment and the temperature of the Liu Switch 
itself . 

In one embodiment, the overcurrent protection 
25 circuit includes (a) a rectifier receiving a signal 
indicative of the current in the current detector to 
provide a voltage signal which represents the current 
in the current detector; and (b) a threshold component 
which becomes conducting when the magnitude of the 
3 0 current in the current detector exceeds a predetermined 
value. The threshold component can be implemented by a 
silicon diode, a Zener diode or a four- layer Shockley 
diode. The rectifier of the overcurrent protection 
circuit can be implemented by a Zener diode, or a diode 
35 bridge. Further, the overcurrent protection circuit 
can include a resistor network between the rectifier 
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and the threshold component. This resistor network can 
include temperature -sensitive devices (e.g., 
thermisters or other thermal devices) which compensate 
and further fine-tune the overcurrent protection 
5 circuit's temperature response. By appropriately 
selecting the temperature characteristics of the 
temperature-sensitive devices, the tripping condition 
of the overcurrent protection circuit can be 
automatically adjusted according to the temperature of 
10 the operating environment and the temperature of the 
switch. 

In accordance with the present invention, the Liu 
Switch further includes an optocoupler which controls a 
Liu Switch in response to any one of multiple external 
15 signals received at various points of a control bus, 

thus providing ''mult i -point random control" to the Liu 
Switch. 

In one implementation, the Liu Switch is provided 
by a diode bridge and a silicon controlled rectifier 

20 (SCR) . In a second implementation, the semiconductor 
switch is implemented by a TRIAC. In a third 
implementation, the semiconductor switch is implemented 
by antiparallel silicon controlled rectifiers. The 
rectifier circuit of the Liu Switch can be provided by 

25 a SCR controlled bridge rectifier. A low-pass filtering 
circuit can be coupled to a signal terminal of the 
semiconductor switch device to further protect the 
semiconductor switch, by absorbing any surge, shock or 
noise in the control input signal, thus keeping the 

30 system in steadily operations. 

The touch panels can each include a metallic 
surface, or a metallic surface coated with a resistive 
material or an insulator. The touch panel can be 
mounted in a plane offset from a mounting plate (e.g., 

35 in a shallow depression or provided slightly protruding 
over the surface of the mounting plate) . In one 
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implementation, where two touch panels (one for the 
"ON" function and one for the ''OFF" function) are 
provided, the touch panels are provided different 
colors or provided different tactile feels. 
5 According to another aspect of the present 

invention, the Liu Switch includes a beep circuit for 
providing an audible response, in the form of a ''beep" 
sound, to the external agent when the agent contacts a 
touch panel. The beep sound response can be provided 

10 by a Zener diode and a piezoelectric speaker connected 
in series across an output terminal of the rectifier of 
the Liu Switch and a common ground. The beep circuit 
can generate audible and distinguishable beep sounds to 
indicate which of the two touch panels is contacted. 

15 In the control circuit of the Liu Switch, the 

various components (e.g., the gain circuits, the SCR 
controlled rectifier, the semiconductor switches, or 
the audio response circuit) are each selected such 
that, during the ''off" state of the semiconductor 

2 0 switch, the leakage current in each component is 

negligible. Consequently, negligible power is drawn by 
the Liu Switch during its ''off" state. 

Another advantage of the present invention is a 
state-latched control contact panels which retain the 

2 5 "ON" or "OFF" state after contact by the external agent 
is broken. Based on this latch function, the Liu 
Switch of the present invention provides a multipoint 
random remote control system, including: (a) a 2- 
terminal Liu Switch coupled in series with a load 

30 circuit between a phase line of an AC power outlet; (b) 
an optocoupler coupled to the Liu Switch, the 
optocoupler providing a very high electrical isolation 
between the AC power lines and an external remote 
control signal bus from which the optocoupler receives 

35 input signals; and (c) controllers (e.g., computers) 

coupled to the signal bus, each capable of asserting on 
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the signal bus the control signals. The Liu Switch 
provides an "ON /OFF" latching feature which allows 
random control by an unlimited number of external 
controllers and computers. In one implementation, the 
5 signal bus include an independent external common 
ground to which both the ^^ON" signal and the "OFF" 
signal reference. In another implementation, separate 
independent external common ground references are 
provided for separate transmission and isolation 

10 between "ON" -channel and "OFF" -channel on a four-wire 
external signal bus. 

One aspect of the present invention provides a Liu 
Switch with no current leakage to the load in the 
"OFF" -state. Another aspect of the present invention 

15 provides a Liu Switch operating under a fully dynamic 
run mode during the "ON" -state. The switch of the 
present invention operates from power received during 
the zero-crossing of each half-cycle of the input AC 
signal, thereby obviating a DC power supply. Thus, 

20 unlike any electronic switch in the prior art, the Liu 
Switch connects in series directly to the AC standard 
power line. 

Another advantage of the present invention 
provides a static overcurrent tripping circuit and an 

2 5 automatic reset circuit in a Liu Switch. Thus, 

inexpensive independent overcurrent protection is 
provided at every load point. Independent overcurrent 
protection at every load point provides unsurpassed 
protection for property and lives. 

3 0 Another advantage of the present invention is a 

universal Liu Switch capable of being directly 
connected to standard 12 0 volts, 22 0 volts or higher 
voltage AC power outlet . 

According to another aspect of the present 
35 invention, an initialization and power recovery reset 
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circuit C'Liu's Network") is provided, including: a 
capacitor connected in series with a diode between a 
control terminal and ground, and a resistor connecting 
in parallel with the capacitor. 
5 Another advantage of the present invention 

provides "'^optional functions'' in a Liu Switch. Such 
optional functions include providing a night light or a 
visible indicator on the Liu Switch. The night light 
or indicator function can be achieved using passive 
10 fluorescent materials, such as some chemical compounds 
of phosphates or sulfurs. 

In one embodiment, an efficient LED is 
incorporated into a zero-crossing detecting circuit of 
the Liu Switch. In that embodiment, the forward 
15 voltage of the LED provides a threshold level to the 
zero-crossing circuit, and the LED provides a night 
light to illuminate the switch. In "OFF" state, the 
LED draws a current drawing less than 2 00 joA. 

Another advantage of the present invention 
2 0 provides a Liu Switch with a programmable dynamic 

threshold value for overcurrent tripping protection. 
The threshold value adapts to temperature, loading and 
environment conditions, and the configuration of the 
switch itself. LTS character especially can be use to 
25 create a smart terminals in electrical network. 

The touch panels of the present invention is based 
on a discovery of an impedance effect related to the 
human body, called the ''Liu's touch signal 
complementary effect" (referred below as the ''LTS" 

30 effect) . The LTS effect result from the impedance 

properties of the human body, i.e., acting both as an 
impedance to ground and as an equivalent inductive 
signal source, over a wide range of environmental 
conditions. The LTS effect allows the Liu Switch to be 

35 reliably switched "ON" and "OFF" over practically all 
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environmental conditions by a human through the touch 
panels . 

In that embodiment, a touch panel is electrically 
couple to the control circuit of the Liu Switch, such 
5 that when the touch panel is contacted by an external 
agent (e.g., a human operating the switch), an 
electrical path is created, and the LTS effect triggers 
the control circuit of Liu Switch. 

According to on the aspect of the present 
10 invention, the "ON" and ''OFF" touch panels of the Liu 
Switch can be created to be different in position, 
color, shape, or texture, so as to ensure safety and 
precision operations. Such touch panels can be made 
from metal, resistive non-metals or conductors plated 
15 with an insulating material. In a Liu Switch of the 
present invention, different contact durations at the 
touch panels are required to trigger the Liu Switch's 
'"ON" and '"OFF" operations. In some embodiments, the 
touch panels are designed to prevent triggering by 
20 inadvertent contacts. For example, each touch panel 
can be provided a contact surface in a shallow 
depression . 

In accordance with on the aspect of the present 
invention, the touch panels can be operated even when 

25 an operator is wearing gloves. This capability can be 
important in certain applications which require a piece 
of machinery to be disabled during emergency. In 
accordance with another aspect of the present 
invention, when the first and second touch panels are 

30 touched substantially simultaneously, the Liu Switch 

resolves to an "OFF" state, thus preventing operating a 
load device inadvertently. 

The Liu Switch of the present can control a 
resistive load, an inductive load, and some special 
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loads, such as a fluorescent light, and can also be 
used to control mixed loads. 

The present invention is better understood upon 
consideration of the detailed description below and the 
5 accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a system block diagram of an 
electrical circuit 100, including control circuit 200 
10 in solid state switch ("Liu Switch") 300 in accordance 
with the present invention. 

Figure 2a shows equivalent circuits 250 and 250' 
each representing a human body in contact with a touch 
panel (i.e., touch panel 17 or 19). 

15 Figure 2b shows characteristic curves S^, Sj^, S^,, 

S^^, representing respectively, the resistive (leakage) , 
distributed capacitive, and equivalent inductive signal 
source components, and the sum total of the Liu's touch 
signal complementary effect (the ^^LTS" effect) as a 

2 0 function of the impedance of the human body. 

Figure 3 shows waveforms 1-4, representing (i) the 
voltage across load 2, when solid state switch 300 is 
in the "ON" state; (ii) the voltage across terminal 83 
and the common ground of trigger and control circuit 
25 200, when solid state switch 300 is in the ''OFF" state, 
(iii) the voltage across load 2, when solid state 
switch 300 is in the "OFF" state, and (iv) the voltage 
310 across terminals 01 and 02 when Liu Switch 300 is 
in the "ON" state. 

3 0 Figure 4 shows on the embodiment of the present 

invention in a circuit 400, in which SCR controlled 
bridge rectifier 8 and main semiconductor switch 1 are 
implemented into a combined SCR-diode bridge circuit 
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(1,8), and first gain circuit 11 is implemented by 
transistor Tl . 

Figure 5 shows one embodiment of the present 
invention in circuit 500, in which SCR controlled 
5 bridge rectifier 8 and main semiconductor switch 1 are 
implemented into a combined SCR-diode bridge circuit 
(1,8), and first gain circuit 11 is implemented by 
transistor Til. 

Figure 6a shows on the embodiment of the present 
10 invention in circuit 600, in which main semiconductor 
switch 1 is implemented by TRIAC 601. 

Figure 6b shows one embodiment of the present 
invention in circuit 62 0, in which main semiconductor 
switch 1 is implemented by antiparallel SCRs 602 (SCR2 
15 and SCR3) . 

Figure 7a shows another embodiment of the present 
invention in circuit 700, in which is provided a 
realization of initialization circuit, includes a Liu's 
Network 13,15. 

2 0 Figures 7b- 7d show embodiments of the present 

invention in circuits 720, 740, and 760, each of which 
being a modification of circuit 700 of Figure 7a. 

Figures 8a-8c show, respectively, implementations 
of a current limiter (i.e., current limiter 18 or 20 of 
25 Figure 1 in each of circuits 800, 810, and 820, 

Figure 9a shows a overcurrent protection circuit 
900, including a system block diagram of overcurrent 
signal processing circuit 16 of the present invention. 

Figures 9b-9d show respectively circuits 910, 920 

3 0 and 94 0 of Liu Switch 3 00, showing implementations of 

current detector 5 and overcurrent protection circuit 
16 . 



"18- 



459713 vl 



Figures 10a and 10b illustrate micro-current zero- 
crossing circuits 1000 and 1050 respectively, suitable 
for implementing zero-crossing detection circuit 10 of 
Figure 1 . 

5 Figure 10c shows waveforms 1 and 2, being 

respectively the threshold voltage V^-^^^^^ and the 
impedance at the gate terminal Gl of SCRl, due to the 
action of transistor T4 . 

Figures 11a and lib show implementations 110 0 and 
10 1150 of optocoupler circuits 22 and 23 of Figure 1 
coupled to Liu Switch 3 00, in the manner discussed 
above with respect to Figure 1. 

Figures 12a and 12b respectively show a 3 -wire 
control bus 4 00 and a 4 -wire control bus 410 which are 
15 used to provide multipoint random control of loads 2a 
and 2b by external equipment, through solid state 
switches 1200 and 1201, and to provide high isolation 
between the control bus, the Liu Switch and the power 
line . 

20 Figure 13 shows a schematic diagram 13 0 0 of one 

embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present invention provides a solid state 
25 switch ("Liu Switch"), which is illustrated by way of 
example in electrical circuit 100 of Figure 1. As 
shown in Figure 1, electrical circuit. Circuit 100 
includes, connected in series, main semiconductor 
switch 1, load 2, trigger and control circuit 20 0, 
3 0 electromagnetic interference (EMI) suppressers 3 and 
3', fuse 4 (for short circuit current protection), 
current detector device 5, terminals 6 and 7 for 
connection to AC power outlet, and touch panels 17 and 
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19 for conveying external input signals to trigger and 
control circuit 200. In one embodiment, the Liu Switch 
C'Liu Switch 3 00") incorporates main semiconductor 
switch 1, current detector device 5, and trigger and 
5 control circuit 200. Together with load 2, Liu Switch 
300 forms electrical circuit 100. 

Trigger and control circuit 200 includes a silicon 
controlled rectifier (SCR) controlled bridge rectifier 
8, an attenuator 9, first gain circuit 11, second gain 

10 circuit 14, current-limiters 18 and 20, initialization 
and power recovery circuit 15, diode gate 13, state 
memory and trigger circuit 12, and filter circuits 28 
and 29. In one implementation of trigger and control 
circuit 200, for example that shown in Fig, 7a, state 

15 memory and trigger circuit 12 includes a capacitor CI 
and initialization and power recovery circuit 15 
includes capacitor C4 . 

Gain circuit 11, which is coupled to control 
terminal 113 and terminals 121 and 122, is designed 

2 0 such that, when no input signal is provided at control 
terminal 113, a high impedance exists between terminals 
121 and 122, so that no current flows in gain circuit 
11. Conversely, when an input signal is provided at 
terminal 113, a low impedance exists between terminals 

25 121 and 122. Gain circuit 14, which receives a signal 
at control terminal 143 and controls the impedance 
between "executive" terminal 141 and terminal 142, can 
be similar constructed. In this embodiment, however, 
gain circuit 14 includes additional control terminals 

30 144 and 145, each of which can also be triggered to 

provide a low impedance path between terminal 141 and 
common ground terminal 142. Control terminal 144 is 
provided to allow triggering gain circuit 14 during an 
overcurrent condition, and one or more control 

35 terminals 145 are provided to respond to other 
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conditions for which Liu Switch 3 00 is to be turned 
''OFF'' „ 

Initialization and power recovery circuit 15 and 
diode gate 13 together provide a "Liu's Network" 
5 (described in further detail below) which includes a 
diode (D3) , an electrolytic capacitor (C4) and a 
resistor R8 . An unpolarized capacitor C4' can be 
connected in parallel to capacitor C4 to allow a faster 
response, as explained below. Initialization circuit 
10 15 ensures that Liu Switch 300 is in the "OFF" state 
when power is first applied across its terminals, and 
plays a part in transitioning Liu Switch 300 from the 
''ON" state to the "OFF" state. 

SCR controlled bridge rectifier 8 includes a 
15 triggerable circuit, such as an SCR ("SCRl"), which 

becomes conducting when triggered by a control signal 
at terminal 84. When SCRl conducts, main semiconductor 
switch 1 also conducts, thus resulting Liu Switch 300 
to be triggered into a conducting mode. As explained 

2 0 below, once triggered into the conducting mode, Liu 

Switch 3 00 generates its own subsequent trigger signals 
at terminal 84 to maintain Liu Switch 3 00 in the 
conducting mode. Main semiconductor switch can be 
implemented, for example, by a TRIAC or SCRs . 

25 Trigger and control circuit 200 also includes the 

following "optional" components: zero-crossing detector 
10, coupling diode 50 (replacing jumper 60, when zero- 
crossing detector 10 is included), ''beep" circuit 21, 
current detector device 5 (for overcurrent protection) , 

3 0 overcurrent protection circuit 16, and optocoupler 22 

with external control bus 400, or an optocoupler 23 
with external control bus 410. These optional 
components allow the Liu Switch to be used in a multi- 
point random remote control scheme as an electrically 
35 highly isolated relay (''Liu Switch-Relay"). 
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SCR controlled bridge rectifier 8 includes AC 
terminals 81 and 82, a DC output terminal 83, trigger 
terminal 84, executive terminal 87, and terminal 85, 
which is coupled to a common ''ground" of control and 
5 trigger circuit 200. Resistor 86 can be provided in 
series with AC terminals 81 and 82. When main 
semiconductor switch 1 is non-conducting, terminals 81 
and 82 receive an input AC signal from power terminals 
01 and 02 of main semiconductor switch 1. SCR 

10 controlled bridge rectifier 8 provides a rectified 
signal (shown in Figure 3 as waveform 2) across 
terminals 83 and 85. As shown in Figure 3, the 
rectified signal across terminals 83 and 85 is a half- 
wave signal at twice the frequency of the input AC 

15 signal. 

Liu Switch 3 00 takes advantage of an impedance 
effect of the present invention, referred below as 
"Liu's touch signal complementary effect" (or "LTS" 
effect) , which is further explained below. In Fig. 1, 

20 Liu Switch 300 includes touch panel 17, which is 

electrically coupled to trigger and control circuit 
200. When touch panel 17 is contacted by an external 
agent (e.g., a human operating the switch), an 
electrical path is created as the result of the LTS 

25 effect for triggering trigger and control circuit 200. 
The LTS effect is explained with the aid of Figures 2a 
and 2b, 

Figure 2a shows equivalent circuits 250 and 250', 
each representing a human body in contact with a touch 

30 panel (i.e., touch panel 17 or 19) . Under certain 
environmental conditions, equivalent circuit 2 50 is 
dominated by an equivalent resistance (i.e., resistor 
R23) representing the leakage path to ground, varying 
from about 30 Mega-ohms down to 100 ohms. The 

35 electrical signal intensity resulting from the LTS 

effect of this resistive component is shown in Figure 
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2b by curve S^. Similarly, under other environmental 
conditions, the human body provides a medium to high of 
impedance (i.e., approximate from 30 Mega-ohms to 300 
Mega-ohms or higher) . In this range, equivalent 
5 circuit 250 is dominated by equivalent capacitor C24 

with distributed reactance (i.e., capacitance) X^. The 
electrical signal intensity resulting from the LTS 
effect of this capacitive component is shown in Figure 
2b as curve S^. To properly harness this LTS effect, 
10 trigger and control circuit 200 provides an anti- 
parallel diode connected between a common ground and an 
emitting junction of an input transistor of gain 
circuit 11. 

Under even higher impedance conditions, the human 

15 body can reach an impedance of more then 3 00 Mega -ohms 
or higher. At such high impedance, equivalent circuit 
2 50 is dominated by inductive signal source AT2 6, 
providing an electrical signal from the stray electro- 
magnetic fields of the ambience. Such electromagnetic 

20 fields result from various signal sources in a wide 

band, from low frequency hum signals (e.g., 50 (100) Hz 
or 60(120)Hz hum) to signals in the VHP or UHF band, 
and perhaps from static electricity as well, under 
certain conditions. Inductive signal source AT26 

25 provides an electrical signal resulting from a 

superposition of such electromagnetic fields which can 
be detected by gain circuit 11 of trigger and control 
circuit 200. The electrical signal intensity resulting 
from the LTS effect is shown in Figure 2b as curve S^. 

30 The combined LTS effect of resistor R23, capacitor 

C24 and inductive signal source AT2 6 of Figure 2b is 
shown in Figure 2b as curve S^^. In Figure 2b, a region 
labeled ''dull" represents the region in which the 
electrical intensity at panel 17 is insufficient to 

35 trigger reliably trigger and control circuit 200. As 

shown by curve S^j, the electrical signal strength of the 
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combined LTS effect of equivalent circuit 250 is above 
the "dull'' region over virtually all practical 
impedances. Significantly, where the resistive 
component (i.e., S^) falls below into the dull region, 
5 the capacitive component (i.e., S-^) maintains curve S^^ 
significantly above the dull region. Similarly, where 
both the resistive and capacitive components (i.e., 
curves S^ and S^^) fall into the dull region, the 
inductive signal source component (i.e., S^.) maintains 
10 curve S^ above the dull region. Thus, the combined LTS 
effect allows Liu Switch 300 to be reliably switched 
over practically all impedances of the human body, 
substantially regardless of the environmental 
conditions . 

15 Equivalent circuit 250' operates in substantially 

the same manner as equivalent circuit 2 50 described, 
and thus description here of its operations is omitted. 

The operation of Liu Switch 300 is next discussed. 
Initially, i.e., when Liu Switch 300 is first powered 

2 0 up, both capacitor CI of state memory and capacitive 
triggering circuit 12 and capacitor C4 (and capacitor 
C4 ' ) of the initialization and power recovering reset 
circuit 15 are in a discharged state. 

When an AC power signal is impressed across main 
25 semiconductor switch 1 and load 2 (i.e., ^^power-up" ) , 
terminals 81 and 82 receive the AC signal. The twin 
half-wave DC signal resulting from rectification by SCR 
controlled bridge rectifier 8 -- this half -wave DC 
signal has a frequency twice that of the AC signal- - 
30 appear across terminals 121 and 122. Capacitor CI of 
state memory and capacitive triggering circuit 12 
becomes fully charged almost immediately. In the first 
cycle of the AC power signal after power-up, the 
charging current pulse is shunted through forward diode 
35 gate 13 to capacitor C4 and C4 ' of initialization and 
power recovering reset circuit 15. The voltage at 
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control terminal 122 does not rise to cause a signal to 
pass through attenuator 9 to trigger terminal 84 of SCR 
controlled bridge rectifier 8 to trigger semiconductor 
switch 1. Thus, the twin half -wave DC voltage 
5 maintains capacitor CI of state memory and capacitive 
triggering circuit 12 at a fully charged state. In 
this ^'OFF" state, no current flows in trigger and 
control circuit 200. 

In the ''OFF" -state, when a person touches touch 
10 panel 19, however, an "OFF" -state feedback effect is 

created. Gain circuit 14 provides a low-impedance path 
between terminals 141 and 142 to discharge capacitors 
C4 and C4 ' of initialization and power recovery circuit 
15. Discharged capacitors C4 and C4 ' prevents any 
15 signal at terminal 122 to trigger main semiconductor 

switch 1, thus main semiconductor switch 1 remains non- 
conducting during the zero-crossings of the twin half- 
wave DC signal . As capacitor CI in state memory and 
capacitive trigger circuit 12 remains fully charged, no 
20 trigger signal is propagated to the trigger terminal 84 
of SCR controlled bridge rectifier 84 and hence to main 
semiconductor switch 1. Consequently, main 
semiconductor switch 1 remains stable in the ^^OFF" 
state . 

25 When control and trigger circuit 200 is in the 

"OFF" state, first and second gain circuits 11 and 14 
are both in a current cutoff state, since no signal 
input is received. (So long as they are not contacted, 
panels 17 and 19 do not provide electrical signals) . 

30 In addition, SCR controlled bridge rectifier 8 is in a 
current cutoff mode when it is not triggered. Thus, 
Liu Switch 300 has no leakage current to load 2 in the 
^^OFF" -state of Liu Switch 300. 

While in the "OFF" state, when an external agent 

35 (e.g., a human hand) touches touch panel 17, an 
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electrical signal is provided to Liu Switch 300 at 
input terminal 113 of first gain circuit 11, in 
accordance with the LTS effect discussed above. This 
electrical signal causes gain circuit 11 to provide a 
5 low impedance path between terminals 121 and 122 of 

state memory and capacitive triggering circuit 12. As 
a result, capacitor CI within state memory and 
capacitive triggering circuit 12 rapidly discharges, 
and the twin half-wave DC signal at terminal 121 is 

10 coupled to terminal 122. The discharging current of 
capacitor CI and the twin half-wave DC signal are 
shunted through gain circuit 11 and diode gate 13 to 
rapidly and fully charge capacitors C4 and C4' of 
initialization and reset circuit 15. Thereafter, as 

15 explained below^ the brief charging current of 

capacitor CI at zero crossing of the AC signal creates 
a trigger pulse sufficient to trigger SCR controlled 
bridge rectifier 8 at trigger terminal 82 of main 
semiconductor switch 1. This trigger pulse triggers 

2 0 SCRl to cause main semiconductor switch 1 to become 

conducting, thus placing Liu Switch 300 into an '"ON" 
state, and providing power across load 2. In addition, 
an ''ON" state feedback effect is initiated. The "ON" 
sate feedback effect depends upon: (a) while SCRl and 
25 main semiconductor switch 1 are conducting, a low 

impedance path is provided between terminals 121 and 
122, thus maintaining capacitor CI in a discharged 
state; and (b) main semiconductor switch 1 remains in a 
conducting state, except at zero-crossings of the input 

3 0 AC signal. 

At a zero-crossing, main semiconductor switch 1 
becomes non-conducting, which allows the next half-wave 
of the twin half -wave DC signal to momentarily appear 
across terminals 121 and 122, thus charging capacitor 
35 CI almost immediately. The charging current pulse is 
coupled to terminal 122 and through attenuator 91, to 
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trigger terminal 84 of SCR controlled bridge rectifier 
8. Thus, the charging current pulse causes main 
semiconductor switch 1 to become conducting again until 
the next zero-crossing of the input AC signal. 
5 While in the "ON" state, when a human (e.g. a 

hand) contacts touch panel 19, an electrical signal is 
provided to second gain circuit 14, in accordance with 
the LTS effect discussed above. A low impedance path 
is provided across the "Liu's Network" in 

10 initialization and recovering reset circuit 15. As a 
result, capacitor C4 discharges through the low 
impedance path rapidly. Through diode gate 13, the low 
impedance path also interrupts the "ON" state feedback 
effect by shunting the trigger pulse in control 

15 terminal 122 to common ground. Thus, at the next zero- 
crossing, when main semiconductor switch 1 becomes non- 
conducting, the absence of the trigger pulse places Liu 
Switch 3 00 in an "OFF" state, while the twin half -wave 
DC signal appearing across terminals 121 and 122 

20 recharges capacitor CI. A fully charged capacitor CI 
prevents a trigger pulse to be created at control 
terminal 122, and hence prevents main semiconductor 
switch 1 from triggered into a conducting mode, until 
the next contact at touch panel 17. 

25 Thus, since Liu Switch 3 00 conducts no current 

during the "OFF" -state, and is short-circuited during 
the "ON" state (except at brief instances at zero- 
crossings of the AC signal) , Liu Switch 300 does not 
require a power supply circuit for proper operation. 

30 Consequently, a two-terminal network solid state switch 
which operates in the same manner as a conventional 
mechanical single-pole switch is realized. 

According to the present invention, the Liu's 
Network has is characterized by multiple time 
35 constants. For example, in the implementation shown in 
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Fig. 7a: (a) Capacitor 4 is discharged through resistor 
R8 at a rate characterized by a predetermined time 
constant; (b) Capacitor C4 is charged at a rate 
characterized by a small time constant (relative to the 
5 predetermined time constant above) when charged by a 
current from control terminal 122 through diode gate 
13; and (c) Capacitor 4 is discharged at a rate 
characterized by a small time constant (relative to the 
predetermined time constant above) when discharged by 
10 the low impedance path of gain circuit 14. 

The small time constant in charging through diode 
gate 13 (i.e., in (c) above) allows the Liu's Network 
to serve as a dynamic energy absorber, to absorb shock, 
noise spike, and surge pulses which appear at control 

15 terminal 122. With this quality, high stability in the 
^^ON" and ^^OFF" states of Liu Switch 3 00 is achieved. 
The Liu's Network discharges through the low impedance 
path provided by second gain circuit 14 with a small 
time constant, so as to allow Liu Switch 300 to switch 

20 off quickly in response to contact at touch panel 19. 

In addition, the Liu's Network can achieve a desirable 
safety function. For example, in a conventional 
mechanical power switch, when the switch conducts 
(turns "ON"), a load is running (e.g., a heater, or a 

25 electric tool, a machine, etc.). However, during a 
power interruption, the load may be left in an 
operating mode when the power was interrupted. Thus, 
when power resumes at a later time unexpectedly, the 
load continues the interrupted operation. The 

3 0 resumption of power to a load left in an operating mode 
is the cause of accidents, causing fires, bodily injury 
and property damages . 

The Liu's Network includes resistor (R8) to 
provide the predetermined discharge time constant. If 
35 the AC power is interrupted while Liu Switch 300 is in 
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the "ON" state, capacitor C4 discharges through 
resistor R8 . The predetermined time constant maintains 
the charge on capacitor 4 for a predetermined time 
period. If the AC power recovers during this 
5 predetermined time period (e.g., from a few to tens of 
seconds) , capacitor 4 is unable to absorb the charging 
current of capacitor CI, thereby allowing a trigger 
pulse to reach terminal 84 (Figure 1) to trigger SCRl 
and hence allowing Liu Switch 300 to resume its former 

10 "ON" state. However, if the AC power recovers only 
after the predetermined time period has elapsed, 
capacitor C4 of the Liu's Network is substantially 
discharged through resistor R8 , such that the charging 
pulse of capacitor CI is shunted through diode gate 13 

15 to capacitor 4. As a result, when AC power recovers 

after the predetermined period has elapsed, Liu Switch 
300 recovers into the "OFF" state and remains stable in 
the ^^OFF" state indefinitely. Thus, the Liu's Network 
avoids load 2 resuming operation unexpectedly when 

2 0 power recovers, thus avoiding accidents and harm. 

When included in trigger and control circuit 2 00 
(Fig. 1) , "beep" circuit 21 indicates by sound 
successful switching of Liu Switch 300. 

When included in trigger and control circuit 200, 
25 overcurrent protection circuit 16 monitors the current 
in current detector 5, and provides an output control 
signal at input ter-minal 144 of gain circuit 14 when 
the current in current detector 5 exceeds a 
predetermined threshold. As discussed above, the 
30 control signal at terminal 144 interrupts the "ON" 
state of Liu Switch 300. 

When included in trigger and control circuit 2 00, 
optocoupler circuit 22 or 23 allow Liu Switch 300 to be 
used in a multipoint random control system. As shown 
35 in Figure 1, optocoupler circuit 22 includes input 
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terminals 223, 224 and 225, and provides output 
terminals 221, 222, 226 and 228. Terminal 225 is 
coupled to an external ground reference, terminals 221 
and 22 6 are coupled respectively through terminals 121 
5 and 122 to gain circuit 11, and terminals 222 and 228 
are coupled respectively through terminals 141 and 142 
(also common ground) to gain circuit 14 . When a signal 
(AC or DC) appears across terminals 223 and 225, an 
optically isolated low impedance signal path is 
10 provided between terminals 221 and 226, thereby 

triggering the ''ON" state of Liu Switch 3 00, in the 
manner explained above. Similarly, when a signal 
appears across terminals 224 and 225, an optically 
isolated low impedance path appears between terminals 
15 222 and 228, thereby triggering the "OFF" state of Liu 
Switch 300. Using optical isolation, the output 
terminals 221, 222, 226 and 228 are each isolated by 
very high impedance from input terminals 223-225. 

Optocoupler circuit 23 is similar to optocoupler 

2 0 circuit 22, except that an additional external ground 

signal 237 is provided so that highly isolated 
electrical paths are provided between terminals 223 and 
235, 234 and 237, 231 and 236, and 232 and 238. When a 
signal (AC or DC) appears across terminals 233 and 235, 
25 an optically isolated low impedance signal path is 
provided between terminals 231 and 236, thereby 
triggering the ''ON" state of Liu Switch 300, in the 
manner explained above. Similarly, when a signal 
appears across terminals 234 and 237, an optically 

3 0 isolated low impedance path appears between terminals 

232 and 238, thereby triggering the "OFF" state of Liu 
Switch 300. 

Several implementations of Liu Switch 3 00 are 
described below. To facilitate cross-referencing among 
35 the diagrams, reference numerals used in Figures 4-13 
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that correspond to reference numerals used in Figure 1 
indicate elements or terminals identified in Figure 1 
in these implementations. 

Figure 4 shows one embodiment of the present 
5 invention in circuit 400, in which SCR controlled 

bridge rectifier 8 and main semiconductor switch 1 are 
implemented into a combined SCR-diode bridge circuit 
(1,8) . As shown in Figure 4, a diode bridge BZl and an 
SCRl realize the functions of SCR controlled bridge 
10 rectifier 8 and main semiconductor switch 1 of Figure 
1. State memory and trigger circuit 12 is realized by 
series-connected resistor R3 and capacitor CI. 
^"f Current -limiters 18 and 2 0 are realized by resistors Rl 

|rj and R2 . Gain circuits 11 and 14 are realized by NPM 

15 bipolar transistors Tl and T2 . Attenuator 9 is 
Ifi realized by resistor R4 . 

ffl 

During the ^^OFF" state ^ a rectified signal appears 
s across terminals 83 and 85 and capacitor CI is charged. 

When a human person contacts touch panel 17, a contact 
Q 2 0 signal results from the LTS effect which turns on NPN 
''''^ transistor Tl . Conducting transistor Tl discharges 

;;5 capacitor CI and couples the twin half -wave DC signal 

at terminal 87 to terminal 92. Through resistor R4 , 
the twin half-wave DC signal is provided to gate 
25 terminal Gl of SCRl, thus triggering SCRl into 

conduction. Conducting SCRl provides a short circuit 
between terminals 01 and 02 (i.e., main semiconductor 
switch 1), thus providing an AC signal across load 2, 
maintaining capacitor CI in a discharged state, and 
3 0 incurring a voltage drop (Vs^t-on) ^^^^1 to the sum of 
two forward-biased drops in diode bridge BZl and the 
voltage drop across forward-biased SCRl (i.e., 2.4-4.0 
volts) . When the AC signal crosses zero, SCRl shuts 
off, so that capacitor CI is charged by the next twin 
35 half -wave of the AC signal, thus providing a charging 
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current which triggers SCRl back into conduction. 
Conducting SCRl provides the AC signal across load 2 
once again. This regenerating feedback process 
maintains Liu Switch 300 in the '"ON" state. When a 
5 human contact touch panel 19, a contact signal from the 
LTS effect turns NPN transistor T2 into conduction, 
thus shorting terminal 92 to common ground, 
interrupting the feedback process described above, and 
setting Liu Switch 300 to the ^^OFF" state. 

10 Figure 5 shows another embodiment of the present 

invention in circuit 500, which is substantially 
identical to circuit 400, except that PNP transistor 
Til in circuit 500 replaces NPM transistor Tl of 
circuit 400. Otherwise, operation of circuit 500 is 

15 virtually identical to circuit 400 described above. 

Circuits 400 and 500 have several disadvantages. 
First, a relatively large '"ON" state voltage drop (2.4- 
4.0 volts) results in relatively large power 
dissipation in Liu Switch 300, requiring a heat sink 
2 0 for proper high-current operation, and reducing the 

voltage seen across load 2. Second, circuits 400 and 
500 provide a Liu Switch which initializes in the "'ON" 
state when coupled in the first instant to an AC signal 
source . 

25 To minimize the ''ON" state voltage drop (Vs^^^^-on) / 

semiconductor switch 1 can be implemented by a TRIAC or 
ant i -parallel SCRs, as shown in Figures 6a and 6b. 
Figure 6a shows on the embodiment of the present Second 
in circuit 600, in which main semiconductor switch 1 is 

30 implemented by a triode AC switch (TRIAC) 601. As 
shown in Figure 6a, terminals B13 and B14 (i.e., 
terminals 81 and 82 of Figure 1) of diode bridge BZl 
are coupled to gate terminal G and a second anode MT2 
respectively. Current -limiting resistor 86 can be 

35 inserted in series between diode bridge BZl and TRIAC 
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601 at either terminals B13 and B14 to protect the gate 
terminal of TRIAC 601. During the "ON" state, the "ON" 
state voltage drop Cy^sAT-oi^^ between 0.8 volt to 1.6 
volts. TRIAC 601 turns ^^OFF" at the AC signal's zero- 
5 crossing, after a high impedance is imposed across 
terminals G and MT2 (SCRl non-conducting) . 

Figure 6b shows on the embodiment of the present 
invention in circuit 62 0, in which main semiconductor 
switch 1 is implemented by circuit 602 which is 

10 implemented by SCRs (i.e., SCR2 and SCR3) in an 

antiparallel configuration. Each SCR in circuit 602 is 
capable of carrying higher current than SCRl of SCR 
controlled bridge rectifier 8. As shown in Figure 6a, 
terminals B13 and 814 (i.e., terminals 81 and 82 of 

15 Figure 1) of diode bridge BZl are coupled to gate 

terminals G3 and G2 , respectively. As in circuit 600 
of Figure 6a, current - 1 imi ting resistor 86 can be 
inserted in series between diode bridge BZl and 
antiparallel diodes SCRl and SCR2 at either terminals 

20 B13 and B14 to protect the gate terminals G2 and G3 . 
During the "ON" state, a trigger current is created 
between cathodes K3 and K2 of SCR3 and SCR2 , 
respectively, which flows through the path formed by 
gate terminal G3 of SCR3 , bridge rectifier BZl, SCRl 

25 and gate terminal G2 of SCR2 . The trigger current 
alternately triggers SCR2 and SCR3 into conduction 
mode. During the "ON" state, the "ON" state voltage 
drop (Vqat-on) is thus approximately 1 volt . Main 
semiconductor switch 1 turns "OFF" at the AC signal's 

30 zero-crossing, after a high impedance is imposed across 
terminals G2 and G3 (SCRl non-conducting) , thereby 
setting SCR2 and SCR3 in non-conducting states. 

By using power components (e.g., TRIAC 601, and 
SCR2, SCR3 of switch devises 602,) in circuits 600 and 
3 5 62 0, the current that can be provided to load 2 is 
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easily expanded over the corresponding currents 
deliverable by circuits 400 and 500 of Figures 4 and 5. 
In addition, because of the low ''ON" state voltage drop 
across Liu Switch 3 00, the power dissipation is also 
5 diminished, as compared to circuits 400 and 500 
discussed above, for the same current load. 

Figure 7a shows another embodiment of the present 
invention in circuit 700, in which is provided a 
realization of initialization circuit and power 

10 recovering reset circuit 15 and diode gate 13. 

Initialization circuit and power recovering reset 
circuit 15 and diode gate 13 is implemented by diode 
D3 , resistor R8 , and capacitors C4 and C4 ' , referred 
below as ''Liu's Network''. In addition, circuit 700 

15 implements attenuator 9 by a voltage divider formed by 
resistors R4 and R6 . In circuit 700, gain circuit 14 
is provided by a complementary cascaded amplifier 
including resistor R15, PNP transistor T3 , and NPN 
transistor T2 . SCR controlled bridge rectifier 8 and 

2 0 main semiconductor switch 1 are implemented by a 

circuit similar to circuit 600, except that a bypass 
filter formed by capacitor C6 and resistor R7 is 
provided at the gate terminal of TRIAC 601. Gain 
circuit 11 and state memory and trigger circuit 12 are 

25 provided as in circuit 400 above. Filter circuits 28 
and 2 9 are each implemented by a capacitor (C2 or C3) 
connected in parallel with a diode (Dl or D2) . In each 
of filter circuits 28 and 29, the diode (e.g., Dl) is 
connected in an antiparallel fashion to the emitter 

30 junction of the gain transistor (e.g., transistor Tl) . 
In this configuration, the diode performs at least 
three functions: (a) providing a negative path for to 
increase the distributive capacitive component (S^^) of 
the LTS effect; (b) protecting the emitter junction of 

35 the gain transistor; and (c) detecting a peak in the 
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equivalent inductive signal source component (S^) of the 
LTS effect. 

In circuit 700, capacitor C4 provided in Liu's 
Network has a much larger capacitance that capacitor CI 
5 of state memory and trigger circuit 12. In this 
embodiment, capacitor C4 can be implemented by an 
polarized electrolytic capacitor. Since a large 
electrolytic capacitor has a parasitic inductance, an 
unpolarized capacitor C4 ' is provided in Liu's Network 
10 to provide a fast response time to the Liu's Network. 

Initially, i.e., when an AC power signal is first 
imposed across Liu Switch 300, both capacitors C4 and 
CI are uncharged. As described above, capacitor CI is 
fully charged within a very short period of time after 
15 the rectified signal across terminals 83 and 85 crosses 
zero. However, as capacitor C4 remains relatively 
uncharged, the charging current of capacitor CI is 
shunted to chairge capacitor C4 through forward-biased 
diode D3 , so that a sufficient forward-biased current 

2 0 pulse is not seen at input terminal 92 of attenuator 9, 

thus preventing triggering Liu Switch 300 into the "ON" 
state. During the "OFF" state of Liu Switch 3 00, no 
current thus flows in trigger and control circuit 2 00, 
as described above. (Leakage currents in gain circuits 
25 11 and 14 are in the nano- ampere range, and thus 

negligible.) Resistor R8 maintains capacitor C4 in a 
substantially discharged state during the "OFF" state 
of Liu Switch 300. Thus, initialization circuit 15 
provides additional stability in the "OFF" state, 

3 0 maintaining input terminal 122 of attenuator 9 no 

higher than one diode drop (i.e., about 0.7 volts) 
above the common ground, thereby preventing triggering 
of Liu Switch 3 00 by a momentary surge in the AC signal 
or by inadvertent momentary contact of touch panel 17. 
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As described above, when a person touches touch 
panel 17, capacitor CI is discharged and the rectified 
signal is transmitted through the low impedance path 
through transistor Tl across terminals 121 and 122. 
5 This signal, even though attenuated by attenuator 9, is 
sufficient to trigger SCRl of SCR controlled bridge 
rectifier 8, which in turn, triggers main semiconductor 
switch 1 to a conducting state. As the "ON" state 
feedback process described above is triggered to 

10 maintain Liu Switch 300 in the ''ON" state, a steady- 
state is reached whereby capacitor C4 is maintained at 
a steady state voltage. At this time, if the AC power 
signal across lines 6 and 7 is suddenly interrupted, 
capacitor C4 discharges through resistor R8 according 

15 to the time constant determined by the capacitance and 
resistance values of capacitor C4 and resistor R8 . 
Thus, by a judicious choice of these values, Liu Switch 
300 can return to the "ON" state (i.e., an "ON" state 
memory is achieved) , if the power resumes within' the 

2 0 predetermined period of time. However, if the power 

resumed after the predetermined time period, capacitor 
C4 becomes discharged. Since discharged capacitor C4 
can absorb the charging pulse of capacitor CI, as 
described above, a stable "OFF" state condition is 

2 5 created. Thus, Liu Switch 3 00 remains in the "OFF" 

state, until contact is made at touch panel 17 again. 

Maintaining the "ON" state for a time period and 
then resetting to the "OFF" state thereafter can be 
exploited to provide a significant safety advantage 

30 (referred below as "Liu's function"). Many accidents 

with tragic consequences have been caused by electrical 
appliances or machinery left unattended and in the 
powered mode by a power outage . When the power 
recovers, these appliances or machinery resumes 

35 operation unattended, often leading to electrical 

appliance damages, accidents, fires or bodily injuries. 
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However, with Liu's Network, Liu's function allows the 
electrical appliances or machinery to resume operation 
from a power interruption (i.e., "latched-ON" ) , only if 
power recovers within a time period during which 
5 continued operation can proceed safely, but resets to 
the "OFF" state beyond such time period. Liu's 
function thus provides uninterrupted operation during 
'"brown-out" of the power source. 

Capacitor C2 or C2 ' of filter circuit 28, in 
10 conjunction with resistor Rl and the operator's 

equivalent impedance, forms a low-pass filter which 
eliminates high frequency electromagnetic interference 
from touch panel 17 and noise feedback from gain 
circuit 11 due to a surge in the rectified signal. 
15 Diode Dl serves three functions: (a) to provide an RF 
peak detector which enhances the inductive component 
(Sc) of the LTS effect; (b) to rectify the negative 
half -cycle signal current, thus improving the touch 
sensitivity of the touch panel towards the capacitive 
2 0 component (Sb) of the LTS effect; and (c) to protect the 
input terminals of the gain circuit. Capacitor C3 of 
filter circuit 29 performs a similar function as that 
performed by capacitor C2 or C2 ' described above. 

In conjunction with resistor R5, resistor R7 and 
25 capacitor C6, which are connected in parallel at the 

gate terminal G of TRIAC 601, provide surge protection 
and suppress high frequency noise to gate terminal G of 
TRIAC 601 during operation. Further electromagnetic 
interference and noise filtering can be provided by 
30 series-connected EMI suppressers 3 and 3' (see Figure 
1) , which can be provided by many forms of low-pass 
filters, including LC circuits formed by solenoids with 
ferric alloy, ferrites cores with capacitors, or 
commercial monolithic EMI filters. 
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Figures 7b-7d show embodiments of the present 
invention in circuits 720, 740, and 760, each of which 
represents a modification of circuit 700 of Figure 7a. 
Circuit 720 includes a realization of filter circuit 28 
5 by capacitor C2' and diode Dl' , and a realization of 
gain circuit 11 by PNP transistor Til. Circuit 740 of 
Figure 7c is substantially identical to circuit 700 of 
Figure 7a, except that antiparallel diodes SCR2 and 
SCR3 are provided for realizing main semiconductor 
10 switch 1, as in circuit 620 of Figure 6b. Circuit 760 
of Figure 7d is substantially similar to circuit 720 of 
Figure 7b, except that antiparallel SCR2 and SCR3 are 
provided for realizing main semiconductor switch 1, as 
in circuit 620 of Figure 6b. 

15 Figures 8a-8c show respectively circuits 800, 810 

and 820 of a limiter (e.g., limiter 20). In circuit 
800, a resistor R40 is provided. In circuit 810, a 
capacitor C42 is provided as a limiter. Capacitor C42 
can be achieved by coating a dielectric or a resistive 

20 material on the metallic or conductor surface of the 
touch panel. In circuit 82 0, a capacitor C45 and a 
resistor R44 are provided in series. 

Figure 9a shows a system block diagram of circuit 
90 0, representing overcurrent signal processing circuit 

25 16 of the present invention. Circuit 900 includes a 

current-to-voltage conversion device (AVC) 5, an AC-DC 
converter or a rectifier 904, an amplitude limiter with 
a regulator 905, a ripple filter 906, an auto- 
temperature compensation and overcurrent tripping value 

3 0 following temperature character circuit 907, a 

overcurrent tripping preset circuit 908, a threshold 
circuit, and an OR gate 903. 

AVC 5 can be provided by a current transformer or 
a shunt element, or another type of current -voltage 
35 conversion devices. The current-side terminals of AVC 
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5 are connected in series with Liu Switch 300, load 2 
and fuse 4 across AC power lines 6 and 7. The output 
signal of AVC 5, which is representative of the current 
in load 2 ("main current")/ is coupled at to a AC-DC 
5 converter or rectifier 904 (e.g., a half-wave 

rectifier, a full-wave rectifier, or a full wave bridge 
rectifier) . The rectified signal is then regulated by 
regulator and amplitude limiter 905 and filtered by 
ripple filter 906. The resulting DC signal remains 

10 representative of the main current. Temperature 
automatic compensation circuit 907 is provided to 
adjust the resulting DC signal according to 
temperature-sensitive current-tripping values that 
follow a set of characteristics curves (iox-T curves) . 

15 The temperature-compensated DC signal is then 

attenuated by a voltage divider 908, and coupled to a 
threshold element set for a predetermined overcurrent 
tripping value. When an overcurrent condition occurs, 
an overcurrent signal is provided at terminal 144 to 

2 0 "OR" gate 903 to trigger second gain circuit 14, to 

force Liu Switch 300 into the "OFF" state for 
protection. Backup input terminals 14 5 receive one or 
more actuating signal for turning off Liu Switch 300. 
Additional backup signal inputs, if needed for 
25 performing automatic shut-off in additional protection 
functions, can be provided as additional input 
terminals of "OR" gate 903. 

Figures 9b- 9d show respectively realizations of 
three static overcurrent tripping circuits 910, 92 0 and 

3 0 94 0 which can be used in Liu Switch 3 00. By providing 

overcurrent protection at Liu Switch 300 in the manner 
illustrated by circuits 910, 920 and 940, overcurrent 
protection is extended to a branch single pole switch 
at very low cost, thus enhances safety significantly 
35 and avoiding the inconvenience of prior art centralized 
overcurrent protection schemes, which results in 
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multiple electrical circuits being affected by an 
overcurrent in a single electrical circuit. 

In circuit 910, a small current transformer TF is 
provided as current detector 5. For current detection, 
5 rather than a current transformer, a shunt element or 
another current -vol tage conversion element can also be 
used. In current transformer TF, the primary coil TFl 
conducts the current in main semiconductor switch 1, 
while Secondary coil TF2 provides an AC current signal 

10 proportional to the current in coil TFl. Zener diode 
Z4, capacitor C7 and R12 form a voltage multiplier and 
half -wave rectifier. Zener diode Z4 regulates and 
limits the amplitude of resulting half-wave rectified 
signal, which is transmitted by Zener diode DIG to 

15 provide a DC voltage signal at terminal 902 
representative of the current through main 
semiconductor switch 1. This DC voltage signal, which 
is ripple-filtered and attenuated by capacitor C8 and 
resistor network 907 (consisting of resistors R9 and 

20 Rll, and temperature- sensitive resistors RIO and RIO') 

is provided through silicon diode D5 as an input signal 
to gain circuit 14 of Liu Switch 300. By selecting 
appropriate resistive values for resistors in resistor 
network 907, an appropriate overcurrent tripping value 

25 for Liu Switch 300 can be selected. 

When the overcurrent threshold is reached, 
resistor R14 and diode D4 (see Figure 13) provide a 
positive feedback which allows gain circuit 14 to 
rapidly set Liu Switch 300 into the "OFF" state. Thus, 
30 circuit 910 enhances both sensitivity to overcurrent 
and sensitivity to touch at touch panel 19. 

Significantly, silicon diode D5's forward-bias 
voltage drop has a negative temperature coefficient 
(i.e., diode D5's forward-bias voltage drop across its 
3 5 terminals decreases as temperature increases) . Thus, 
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diode D5 provides a lower tripping threshold at a 
higher temperature. Temperature-sensitive devices 
(e.g., thermisters RIO and/or RIOM provide dynamic 
characteristics of temperature -dependent over current 
5 tripping points, and thus can be used to further 
compensate and fine-tune the tripping threshold in 
relation to temperature changes. In this manner, a 
temperature- compensated or adaptive overcurrent 
protection is achieved. When environmental temperature 

10 and the switch temperature changes, Liu Switch 3 00 can 
adapt to a new tripping value automatically. Thus, Liu 
Switch 3 00 provides an advanced protection function to 
protect human lives, the electrical network or the 
electric appliance in which Liu Switch 300 is 

15 installed, and Liu Switch 300 itself. 

Of course, other thermal or temperature-sensitive 
elements can be used in Liu Switch 3 00 to achieve the 
same results discussed above. 

Figure 9c shows circuit 920, which is a variation 
20 of circuit 910 of Figure 9a, In Figure 9c, circuit 920 
uses a center-tapped secondary coil TF2 in current 
detector 5, and provides full -wave rectification by 
diodes D6 and D7 . In circuit 920, the threshold 
element is provided by reverse-biased Zener diode D5 
25 and a load resistor R13 . 

Figure 9d shows circuit 940, which is a variation 
of circuit 910 of Figure 9a. In Figure 9d, circuit 940 
uses a diode bridge rectifier BZ2 to provide full -wave 
rectification of the voltage signal in Secondary coil 
3 0 TF2 of current detector 5. In circuit 940, the 

threshold element is provided by element TEl, which can 
be, for example, a PNPN four- layer Shockley diode and a 
load resistor R13 . 

Figures 10a and 10b illustrate optional zero- 
35 crossing circuits 1000 and 1050 respectively. As shown 
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in Figure 10a, circuit 1000 includes a voltage divider 
formed by resistors R16 and R15, which are connected in 
series between terminals 83 and 85 (i.e., also coupled 
to the common ground of Liu Switch 3 0 0) of SCR 
5 controlled bridge rectifier 8, and NPN transistor T4 , 
which base terminal is controlled by output voltage V]t^4 
of the voltage divider. During the ''OFF" state of Liu 
Switch 3 00, NPN transistor T4 , when conducting, 
provides a low impedance path to short the trigger 

10 signal at the gate terminal Gl of SCRl to common 

ground. Voltage V^^^^^^ which is the minimum voltage 
above which NPN transistor T4 conducts, is thus a 
threshold voltage above which Gl is not triggered. 
Figure 10a also shows state memory and trigger circuit 

15 12, attenuator 9, SCR controlled bridge rectifier 8 and 
main semiconductor switch 1 being implemented in the 
manner shown in 7a. Coupling diode D50 couples 
terminal 83 of SCR controlled bridge rectifier 8 to 
terminal 121 of trigger and control circuit 12. Figure 

2 0 10c shows waveforms 1 and 2, being respectively the 

threshold voltage y^-^res the output impedance of 

transistor T4 at the gate terminal Gl of SCRl. 

In circuit 1050 of Figure 10b, the voltage divider 
of resistors R15 and R16 of circuit 1000 is replaced by 
25 series-connected Zener diode Zl, light-emitter diode 
(LED) LEDl (optional) and a voltage divider formed by 
resistors R18 and R17 . Because of the relatively 
constant voltage drop across Zener diode Zl, when 
conducting^ a more precise zero-crossing threshold 

3 0 voltage Vt^^^g can be selected from the voltage range of 

9 volts to 19 volts. LEDl is included to allow Liu 
Switch 300 to be visible in the dark. This ''night 
light" function, which requires less than 200 micro- 
amperes of current (still insufficient to trigger 
35 conduction in an implementation of main semiconductor 
switch 1 by a TRIAC or antiparallel SCRs) , is 
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particularly useful when Liu Switch 3 00 is used as a 
light switch. 

Figures 10a and 10b also show a simple, small, 
inexpensive and, in the steady state, current leakage- 
5 free implementation of '^beep" circuit 21 by series 
connected Zener diode Z2 and a piezoelectric speaker 
element PE between node A and common ground. When node 
A rises from substantially common ground (i.e., the 
''ON" state of Liu Switch 300) to a high DC voltage 

10 (i.e., the ''OFF" state of Liu Switch 300), a breakdown 
current passes through Z2 and rapidly charges the 
capacitive piezoelectric element PE, thereby generating 
an audible sound. This audible response can also be 
provided by coupling the Zener diode Z2 and 

15 piezoelectric element PE across any two nodes which 

experience a sudden change voltage. An audible "beep" 
sound is generated by piezoelectric speaker element PE 
when Liu Switch 3 00 switches. Thus, beep circuit 21 
can be used to provide an audible sound response to the 

20 operator when Liu Switch 300 switches. 

Figures 11a and lib show implementations 1100 and 
1150 of optocoupler circuits 22 and 23 coupled to Liu 
Switch 3 00 used as a multi -point random remote control 
solid state switch/relay, in the manner discussed above 

25 with respect to Figure 1. Using optical isolation, 
input control signals at terminals 223 and 224 
(relative to common external ground terminal 225) of 
circuit 1100 are isolated from output signals across 
terminals 221 and 226 ( "ON'' -channel) , and across 

30 terminals 222 and 228 ( "OFF'' -channel) , by up to 

thousands of volts. Similarly, input control signals 
at terminals 233 and 234 of circuit 1150 (relative to 
two individual, highly isolated external ground 
terminals 235 and 237, respectively) are isolated from 

35 output signals across terminals 231 and 236 ("ON"- 
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channel), and across terminals 232 and 238 ("OFF"- 
channel) , by up to thousands of volts. Thus, signals 
at terminal 223 and 224 and at external common ground 
terminal 225 can be provided from a 3 -wire bus 400 on 
5 which any number of devices each capable of providing 
the control signals can be connected. Figure 12a shows 
3 -wire control bus 400 used to provide multipoint 
random remote control by external equipment to load 2a 
through solid state switch 1200. Similarly, control 

10 signals at terminals 233, 234 and at external ground 

terminals 235 and 23 7 can be provided from a 4 -wire bus 
410 on which any number of devices each capable of 
providing the control signals can be connected. 
Figures 12b shows 4 -wire control bus 410 used to 

15 provide multipoint random remote control to the load 2b 
through solid state switch 1201. 

Figure 13 shows an embodiment of the present 
invention in circuit 13 00, which combines various 
implementations of the various functional circuits of 

2 0 Figure 1. 

Liu Switch 300 has a built-in over-voltage 
protection and thus does not require protection by a 
protective device. This built-in over-voltage 
protection can be illustrated, for example, by 
25 reference to Figure 7a. During the ''OFF" state, if an 
over-voltage condition occurs (e.g., during a large 
voltage surge in the AC signal) , such that the 
rectified twin half-wave DC signal across the collector 
and emitter terminals of transistor Tl exceeds the 

3 0 breakdown voltage of transistor Tl, transistor Tl 

conducts. Conducting transistor Tl discharges 
capacitor CI. The combined currents of conducting 
transistor Tl and discharging capacitor CI provide a 
triggering pulse, which triggers SCRl through 
35 attenuator 9. Conducting SCRl shorts diode bridge BZl, 
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which in turn triggers TRIAC 601 into a conducting 
state. Liu Switch 300 is thus switched into the '"ON" 
state, so that the voltage across Liu Switch 300 drops 
to the voltage across conducting TRIAC 601. From this 
5 point, the regenerating feedback process described 

above sustains Liu Switch 300 in the "ON" state until 
Liu Switch 300 is switched into the ''OFF^' state by, for 
example, an external agent contacting touch panel 19. 
As the breakdown of transistor Tl and the conduction of 

10 TRIAC 601 occur within microseconds, and also because 
the breakdown current of transistor Tl is limited by 
the resistance in attenuator 9, the over-voltage 
appearing across the terminals of Liu Switch 300 is too 
brief to cause damage to Liu Switch 300. Thus, Liu 

15 Switch 3 00 does not require protection by a protective 
device, even if the over- voltage condition persists in 
the AC signal. By eliminating the need for a 
protective device and by avoiding the cost of replacing 
damaged protective devices, Liu Switch 300 achieves 

20 substantial cost savings over the solid state switches 
of the prior art. 

Thus, the present invention provides a switch 
which draws substantially no current during the '^OFF" 
steady state, and requiring no power supply to operate 
25 the switch itself. In addition, the present invention 
provides a solid state switch that does not require a 
protective device for its over-voltage protection. 

Numerous variations and modification within the 
scope of he present invention are possible. For 

30 example, gain circuits of Liu Switch 300 (e.g., gain 

circuits 11 and 14) may be implemented by another gain 
device^ such as certain J-FETs, or MOS-FETs, Darlington 
bipolars^ or another integrated circuit or operational 
amplifier. Main semiconductor switch device 1 can also 

3 5 be implemented by, for example, some IGBTs, GTOs, MCTs, 



-45- 



459713 vl 



V-MOSs, D-MOSs, power bipolars, or another bilateral 
triode thyristors . 

The above detailed descriptions provided to 
illustrate the specific embodiments of the present 
invention described above, and is not intended to be 
limiting of the present invention. The present 
invention is set forth in the following claims. 
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CLAIMS 

I claim: 

1. A solid state electrical switch for 
5 controlling a electrical load, comprising: 

a first terminal; 
a second terminal; 

a semiconductor switch coupled by said first 
terminal and said second terminal to form with 

10 said electrical load a series circuit across said 

AC power source, said semiconductor switch 
becoming conducting in response to receiving a 
control signal at a control terminal, said solid 
state electrical switch being in an '"on" state 

15 when said semiconductor switch is conducting and 

in an ""off" state when said semiconductor switch 
is not conducting; and 

a control circuit providing said control 
signal, said control circuit being coupled to said 

2 0 first and second terminals in a parallel 

configuration with said semiconductor switch. 

2. A solid state electrical switch as in Claim 
1, wherein substantially no current flows in said 

25 control circuit during said '^off state. 

3. A solid state electrical switch as in Claim 
1, wherein said control circuit is powered via said 
first and second terminals. 

30 

4. A solid state electrical switch as in Claim 1 
wherein, said control circuit includes a dynamic 
feedback circuit, said dynamic feedback circuit through 
said control signal triggering said semiconductor 

3 5 switch during said ''on" state into conducting at the 
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beginning of each cycle of an AC signal of said AC 
power source . 

5. A solid state electrical switch as in Claim 
5 1, wherein said control circuit includes only solid 

state static components. 

6. A solid state electrical switch as in Claim 
1, wherein said control circuit, which receives an 

10 electrical signal, comprises: 

a rectifier receiving, during said '^off" 
state, an AC signal from said AC power source and 
rectifying said AC signal to provide a rectified 
signal; and 

15 a capacitor which is (a) coupled to receive 

said rectified signal during said '"off" state; and 
(b) discharged in response to said electrical 
signal to generate said control signal, thereby 
rendering said semiconductor switch conducting. 

20 

7. A solid state electrical switch as in Claim 
1, further comprising an overcurrent protection circuit 
which causes said semiconductor switch to become non- 
conducting when a current in said load device exceeds a 

25 predetermined value. 

8. A solid state electrical switch as in Claim 
7, wherein said overcurrent protection circuit 
comprises a current detector coupled to provide an 

30 electrical signal indicative of the current in said 
load device. 

9. A solid state electrical switch as in Claim 
1, further comprising a touch panel electrically 
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coupled to said control circuit, said touch panel 
providing said electrical signal when said touch panel 
is contacted by an external agent. 

5 10. A solid state electrical switch as in Claim 

9, wherein said electrical signal is provided by the 
impedance between said external agent and a ground 
reference . 



10 11. A solid state electrical switch as in Claim 

10, wherein said electrical signal is synthesized by 
complementary effects resulting from the interaction of 
environmental electric fields and said impedance. 

15 12 . A solid state electrical switch as in Claim 

10, wherein said impedance is primarily resistive, 

13. A solid state electrical switch as in Claim 
10, wherein said impedance is primarily capacitive. 



20 



25 



14. A solid state electrical switch as in Claim 
10, such that electromagnetic radiation collected by 
said external agent contributes to said electrical 
signal . 



15. A solid state electrical switch as in Claim 
6, said control circuit further comprising a gain 
circuit responsive to said electrical signal, said gain 
circuit coupling said rectified signal to said control 

30 terminal in response to said electrical signal. 

16. A solid state electrical switch as in Claim 
15, wherein said gain circuit comprises a bipolar 
transistor . 

35 
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17. A solid state electrical switch as in Claim 
16 r wherein said gain circuit further comprises a diode 
coupled in an antiparallel manner between a base 
terminal of said bipolar transistor and an emitter 

5 terminal of said bipolar transistor. 

18. A solid state electrical switch as in Claim 
16, wherein said gain circuit further comprises a diode 
coupled in an antiparallel manner between a base 

10 terminal of said bipolar transistor and a collector 

terminal of said bipolar transistor, said collector 

terminal being coupled to receive said rectified 
signal . 



15 19. A solid state electrical switch as in Claim 

6, wherein said semiconductor switch becomes non- 
conducting when said AC signal crosses zero, whereupon 
said rectifier signal charges said capacitor resulting 
in a charging current providing said control signal. 

20 

20. A solid state electrical switch as in Claim 
15, said control circuit further comprising a second 
gain circuit responsive to a second electrical signal, 
said second gain circuit providing a bypass signal path 
25 between said control terminal and a common ground of 
said control circuit, thereby preventing said control 
signal from reaching said semiconductor switch. 



21. A solid state electrical switch as in Claim 
30 20, wherein said second gain circuit comprises a 

bipolar transistor . 

22. A solid state electrical switch as in Claim 
21, wherein said second gain circuit further comprises 

35 a diode coupled in an antiparallel manner between a 
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base terminal of said bipolar transistor and an emitter 
terminal of said bipolar transistor. 

23. A solid state electrical switch as in Claim 
5 20, further comprising an overcurrent protection 

circuit providing said second electrical signal when a 
current in said semiconductor switch exceeds a 
predetermined value. 

10 24 . A solid state electrical switch as in Claim 

20, further comprising an initialization circuit 
including a second capacitor coupled between said 
control terminal and said common ground, said second 
capacitor having a capacitance larger than the 

15 capacitance of said capacitor of said control circuit. 

25. A solid state electrical switch as in Claim 
24, wherein said second capacitor is coupled to said 
control terminal by a diode . 

20 

26. A solid state electrical switch as in 
24, wherein said initialization circuit further 
comprising a resistor coupled to discharge said 
capacitor to said common ground. 

25 

27. A solid state electrical switch as in Claim 
6, further comprising a zero-crossing circuit coupled 
to receive said rectified signal and coupled to said 
control terminal, said zero-crossing circuit preventing 

3 0 said control signal from reaching said semiconductor 
switch except when said AC signal crosses zero. 

28. A solid state electrical switch as in Claim 
6, wherein said rectifier comprises a diode bridge and 

35 said semiconductor switch comprises a silicon 
controlled rectifier (SCR) . 



Claim 
second 
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29. A solid state electrical switch as in Claim 
1, wherein said semiconductor switch comprises a triode 
AC switch (TRIAC) coupled to receive said control 
5 signal . 



30. A solid state electrical switch as in Claim 
1, wherein said semiconductor switch comprises 
antiparallel silicon controlled rectifiers (SCRs) 

10 triggered by said control signal. 

31. A solid state electrical switch as in Claim 
6, wherein said rectifier comprises a SCR controlled 
bridge rectifier. 

15 

32. A solid state electrical switch as in Claim 
6, wherein said control circuit further comprises a 
resistor coupled in series with said capacitor between 
an output terminal of said rectifier and said control 

2 0 terminal. 



33. A solid state electrical switch as in Claim 
6, wherein said control circuit further Comprises an 
attenuator circuit coupled between said capacitor and 
25 said control terminal. 



34. A solid state electrical switch as in Claim 
33, wherein said attenuator circuit comprises a voltage 
divider circuit . 

30 

35. A solid state electrical switch as in Claim 
24, wherein said initialization circuit further 
comprises a resistor coupled in parallel with said 
second capacitor, wherein the time constant 

35 corresponding to the product of the resistance of said 
resistor and the capacitance of said second capacitor 
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exceeds the charging time constant of said capacitor of 
said control circuit . 

36. A solid state electrical switch as in Claim 
5 24, wherein said initialization circuit operates to 

ensure said semiconductor switch is non-conducting upon 
power up. 

37. A solid state electrical switch as in Claim 
10 24, wherein said initialization circuit operates such 

that, when a power interruption occurs while said 
semiconductor switch is conducting, said semiconductor 
switch becomes conducting if power returns within a 
predetermined time interval, and becomes non-conducting 
15 when power returns after said predetermined time 
interval . 

38. A solid state electrical switch as in Claim 
20, wherein said second gain circuit comprises a 

2 0 complementary cascade amplifier. 

39 A solid state electrical switch as in Claim 9 
wherein said touch panel is coupled to said control 
circuit through a current limiting resistor. 

25 

40. A solid state electrical switch as in Claim 9 
wherein said touch panel is coupled to said control 
circuit through a capacitor. 

30 41. A solid state electrical switch as in Claim 

9, further comprising a low pass filter coupled to an 
input terminal of said control circuit. 

42. A solid state electrical switch as in Claim 
35 9, wherein said touch panel comprises a metallic 
surface . 
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43. A solid state electrical switch as in Claim 
42, wherein said metallic surface is coated with a 
resistive material or an insulator. 

5 

44. A solid state electrical switch as in Claim 
8, wherein said current detector comprises a 
transformer. 

10 45. A solid state electrical switch as in Claim 

44, wherein said transformer provides a voltage output 
signal indicative of said current in said load device. 

46. A solid state electrical switch as in Claim 
15 7, wherein said overcurrent protection circuit 

comprises temperature-sensitive components, such that 
said predetermined value of said overcurrent protection 
circuit varies with temperature of the ambient. 

20 47. A solid state electrical switch as in Claim 

46, wherein said predetermined value of said 
overcurrent protection circuit varies with temperature 
of said solid state electrical switch. 

25 48. A solid state electrical switch as in Claim 

7, wherein said overcurrent protection circuit 
comprises : 

a rectifier receiving said signal indicative 
of the current in said load device to provide a 
3 0 signal indicative of said current in said load 

device ; and 

a threshold component coupled to receive said 
signal indicative of the magnitude of said current 
in said load device, said threshold component 
3 5 becoming conducting when said magnitude exceeds a 

predetermined value . 
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49. A solid state electrical switch as in Claim 
48, wherein said threshold component comprises a 
forward-biased silicon diode. 

50. A solid state electrical switch as in Claim 
48, wherein said threshold component comprises a Zener 
diode . 



10 51. A solid state electrical switch as in Claim 

48, wherein said threshold component comprises a 4- 
layer Shockley diode. 

52. A solid state electrical switch as in Claim 
15 48, wherein said rectifier comprises a Zener diode. 

53. A solid state electrical switch as in Claim 
48, wherein said rectifier comprises a diode bridge. 

20 54 . A solid state electrical switch as in Claim 

48, further comprising a resistor network between said 
rectifier and said threshold component, said resistor 
network including a thermistor. 



25 55. A solid state electrical switch as in Claim 

27, wherein said zero-crossing circuit comprising a 
transistor coupling said control terminal to common 
ground, when said instantaneous level of said rectified 
signal is above said predetermined value. 

30 

56. A solid state electrical switch as in Claim 
55, wherein said transistor is controlled by the 
voltage of a voltage divider between an output terminal 
of said rectifier and a common ground. 
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57. A solid state electrical switch as in Claim 
56, said zero-crossing circuit further comprising a 
light-emitting diode and a Zener diode connected in 
series with said voltage divider. 

58. A solid state electrical switch as in Claim 
9, further comprising an audio response circuit for 
providing an audible sound to said external agent upon 
contact with said touch panel . 



59. A solid state electrical switch as in Claim 
58/ wherein said audio response circuit comprises a 
Zener diode and a piezoelectric speaker element 
connected in series across an output terminal of said 

15 rectifier and a common ground. 

60. A solid state electrical switch as in Claim 
24, wherein said second capacitor comprises an 
electrolytic capacitor and an unpolarized capacitor 

20 coupled in parallel. 



61. A solid state electrical switch as in Claim 
9, wherein said touch panel is mounted in a plane 
offset from a mounting plate. 

25 

62. A solid state electrical switch as in Claim 
9, wherein said touch panel is of a first color, and 
wherein said touch panel is mounted on a mounting plate 
of a second color different from said first color. 

30 

63. A solid state electrical switch as in Claim 
20, further comprising a second touch panel 
electrically coupled to said control circuit, such that 
upon said touch panel contacting with an external 

35 agent, said touch panel provides said second electrical 
signal . 
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64 . A solid state electrical switch as in Claim 
63, wherein said first and second touch panels are 
distinguishable by tactile feel or color. 

5 

65. A solid state electrical switch as in Claim 
63, further comprising an audio response circuit for 
generating distinguishable audible sounds to indicate 
which of said first and second touch panels is 

10 contacted by an external agent. 

66. A solid state electrical switch as in Claim 
63, wherein when said first and second panels are each 
contacted by an external agent substantially 

15 simultaneously, said semiconductor switch remains non- 
conducting . 

67. A solid state electrical switch as in Claim 
1, wherein said semiconductor switch initializes to 

20 said ''off mode. 

68. A solid state electrical switch as in Claim 
1, further comprising an optocoupler coupled to said 
control circuit and receiving an input signal, said 

25 optocoupler circuit providing said control circuit an 
optically isolated output signal corresponding to said 
input signal, whereupon receiving said optically 
isolated output signal, said control circuit providing 
said control signal, thereby rendering said 

3 0 semiconductor switch conductive. 

69. A multipoint random control system, 
comprising : 

a 2 -terminal solid state electrical switch 
35 coupled in series with a load circuit between a 

phase line of an AC power outlet and a neutral 
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line of said AC power outlet, said solid state 
electrical switch being responsive to first and 
second control signals, wherein when said first 
control signal is asserted, said solid state 
electrical switch becomes non-conducting, and when 
said second control signal is asserted, said solid 
power switch becomes conducting; 

an optocoupler coupled to said solid state 
electrical switch to provide said first and second 
control signals, said optocoupler receiving first 
and second electrical signals from a signal bus 
and providing as said first and second control 
signals optically isolated output signals 
representing said first and second electrical 
signals; and 

a plurality of devices coupled to said signal 
bus, each device being capable of asserting as 
output signals of said devices said first and 
second electrical signals. 

70. A multipoint random control system as in 
Claim 69, wherein said signal bus include a common 
ground signal relative to said first and second 
electrical signals . 

71. A multipoint random control system as in 
Claim 69, wherein said signal bus provides separate 
common ground signals relative to each of said first 
and second electrical signals. 

72. An initialization circuit having a capacitor, 
said initialization circuit having a charging time 
constant and a discharging time constant, wherein said 
charging time constant being less than said discharging 
time constant, said initialization circuit being 
provided in an electronic circuit, such that when said 
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electronic circuit is in a first operating mode, said 
capacitor is charged according to said charging time 
constant, and such that, when said operating mode is 
interrupted, said capacitance discharges at said 
5 discharging time constant, thereby preserving a memory 
of said operating mode. 

73. An initialization circuit as in Claim 72, 
further including a second discharging time constant 
less than said first discharging time constant, said 
second discharging time constant providing a discharge 
of said capacitor to reset initialization circuit from 
said operating mode. 

74. An initialization circuit as in Claim 72, 
comprising : 

a diode; 

a capacitor coupled between the cathode of 
said diode and a ground terminal ; and 

a resistor coupled between said cathode of 
said diode and said ground terminal . 

75. An initialization circuit as in Claim 74, 
wherein said capacitor comprises an electrolytic 
capacitor and a bidirectional capacitor coupled in 
parallel . 

76. A method for providing a solid state 
electrical switch for controlling a electrical load, 

3 0 comprising: 

coupling a semiconductor switch serially to 
said electrical load by a first terminal and a 
second terminal to form with said electrical load 
a series circuit across said AC power source; 

35 providing said semiconductor switch a control 

terminal for receiving a control signal, wherein 



10 



15 



20 



25 
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said semiconductor switch becoming conducting in 
response to said control signal and wherein said 
solid state electrical switch is in an "on" state 
when said semiconductor switch is conducting and 
in an ''off" state when said semiconductor switch 
is not conducting; and 

generating said control signal in a control 
circuit, said control circuit being coupled to 
said first and second terminals in a parallel 
configuration with said semiconductor switch. 

77. A method as in Claim 76, wherein said control 
circuit being provided to draw substantially no current 
flows during said ''off" state. 

78. A method as in Claim 76, further comprising 
providing said control circuit power via said first and 
second terminals. 

79. A method as in Claim 76 further comprising 
providing in said control circuit a dynamic feedback 
circuit, said dynamic feedback circuit through said 
control signal triggering said semiconductor switch 
during said "on" state into conducting at the beginning 
of each cycle of an AC signal of said AC power source. 

80. A method as in Claim 76, further comprising 
including in said control circuit only solid state 
static components . 

81. A method as in Claim 76, further step of 
generating said control signal comprising: 

rectifying an AC signal received from said AC 
outlet into a rectified signal; 

charging a capacitor by said rectified 
signal, when said switch device is conducting; and 
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discharging said capacitor in response to an 
electrical signal to provide said control signal. 

82. A method as in Claim 76, further comprising 
5 providing said electrical signal through an external 
agent coming into contact with a touch panel, said 
electrical signal being generated as a result of an 
impedance of said external agent . 

10 S3 . A solid state electrical switch as in Claim 

82, wherein said electrical signal is synthesized by 
complementary effects resulting from the interaction of 
environmental electric fields and said impedance. 

15 84 . A method as in Claim 82, wherein said 

impedance is primarily resistive. 

85. A method as in Claim 82, wherein said 
impedance is primarily capacitive. 



20 



25 



86. A method as in Claim 82, wherein said 
electrical signal being generated as a result of said 
external agent collecting electromagnetic radiation in 
the agent ' s environment . 



87. A method for providing an electrical switch 
for delivering AC power to a load, comprising: 

providing a semiconductor switch circuit 
coupled in series with said load, said 
3 0 semiconductor circuit entering a conducting state 

when triggered by a trigger signal received at a 
control terminal, and entering a non-conducting 
state when a predetermined circuit condition is 
met; and 
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providing a feedback circuit which provides 
said trigger signal in response to said non- 
conducting state of said semiconductor switch. 

88. A method as in Claim 87, wherein said 
predetermined circuit condition occurs when an AC 
voltage signal of said AC power crosses zero, 

89. A method as in Claim 87, further providing, 
in said feedback circuit, a capacitor coupled between 
an input terminal of said semiconductor switch and said 
control terminal, wherein when said semiconductor 
switch enters said non-conducting state, said AC power 
provides a charging current to said capacitor, thus 
providing said trigger signal to said semiconductor 
switch . 

90. A method as in Claim 87, further comprising: 
providing an activation circuit which 

provides an activation signal in response to an 
external stimulus; and 

providing an initialization circuit 
responsive to said activation signal and coupled 
between said control terminal and a ground 
reference, said initialization circuit having a 
first state and a second state, wherein said 
initialization circuit preventing said trigger 
signal from reaching said control terminal when in 
said first state, and allowing said trigger signal 
to reach said control terminal when in said second 
state, and wherein said initialization circuit 
switches from said first state to said second 
state upon receiving said activation signal. 

91. A method as in Claim 90, wherein said 
initialization circuit is responsive to a deactivation 
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signal, said method further comprising providing a 
deactivating circuit responsive to a second external 
stimulus to provide said deactivation signal. 

5 92 . A method as in Claim 90, providing said 

feedback circuit such that, when said initialization 
circuit is in said first state, said feedback circuit 
conducts substantially no current. 

10 93 . A method as in Claim 90, providing said 

activation circuit such that, when said external 
stimulus is not present, said activation circuit 
conducts substantially no current. 

15 94 . A method as in Claim 91, providing said 

deactivation circuit such that, when said second 
external stimulus is not present, said deactivation 
circuit conducts substantially no current. 

20 95. A method as in Claim 90, further comprising 

providing a silicon controlled rectifier (SCR) 
controlled bridge rectifier circuit coupled across said 
semiconductor switch, said SCR controlled rectifier 
provided such that, when said initialization circuit is 

25 in said first state, said SCR controlled bridge 
rectifier conducts substantially no current. 

96. A method as in Claim 90, further comprising 
providing a beep circuit responsive to said activation 

3 0 signal to provide an audible sound. 

97. A method as in Claim 96, wherein said beep 
circuit is provided such that, when said activation 
signal is not present, said beep circuit conducts 

35 substantially no current. 
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98. A method for detecting contact of a touch 
panel by an external agent, comprising: 

detecting a resistance of said external agent 
between said touch panel and a ground reference; 
5 detecting a capacitance of said external 

agent between said touch panel and said ground 
reference ; 

detecting an inductive source imposed across 
said external agent by stray electromagnetic 
10 fields; and 

providing a gain circuit including a control 
terminal coupled to said touch panel, said gain 
circuit providing an output signal when said 
resistance, said capacitance or said inductive 
15 source exceeds a predetermined value. 

99. A method as in Claim 98 wherein said 
detecting being provided by a resistor coupled in 
series with said touch panel, a capacitor coupled 

2 0 between said touch panel and a first reference voltage, 

and a diode coupled in a reverse-biased configuration 
between a second reference voltage. 

100. An overcurrent tripping circuit, comprising: 
25 a semiconductor switch for coupling in series 

with a load, said semiconductor switch having a 
conducting state and a non-conducting state; 

a control circuit coupled to said 
semiconductor switch, said control circuit 

3 0 receiving a control signal, said control signal 

causing said control circuit to enter a non- 
conducting state; 

a current detector coupled with said 
semiconductor switch to provide an indicator 
35 signal indicative of a current in said 

semiconductor switch; 
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a rectifier for rectifying said indicator 
signal ; 

a threshold circuit receiving said rectified 
current signal to provide said control signal when 
5 said rectified indicator signal exceeds a 

predetermined value. 



101. An overcurrent tripping circuit as in Claim 
100, wherein said current detector comprises a current 
10 transformer . 



15 



102. An overcurrent tripping circuit as in Claim 
100, wherein said rectifier comprises a half -wave 
rectifier . 

103. An overcurrent tripping circuit as in Claim 
100, wherein said rectifier comprises a full-wave 
rectifier . 



20 104. An overcurrent tripping circuit as in Claim 

100, further comprising a regulator for regulating said 
rectified indicator signal. 

105. An overcurrent tripping circuit as in Claim 
25 104, wherein said regulator comprises a zener diode. 

106. An overcurrent tripping circuit as in Claim 
90, further comprising a voltage multiplier circuit for 
said indicator signal . 



30 



107. An overcurrent tripping circuit as in Claim 
100, further comprising a temperature automatic 
compensation circuit sensitive to the temperatures of 
said semiconductor switch. 



35 
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108. An overcurrent tripping circuit as in Claim 
107, wherein said temperature automatic compensation 
circuit is sensitive also to the ambience of said 
semiconductor switch. 

5 

109. An overcurrent tripping circuit as in Claim 
107, wherein said temperature automatic compensation 
circuit comprises thermistors. 

10 110. An overcurrent tripping circuit as in Claim 

107, wherein said temperature automatic compensation 
circuit comprises a silicon diode with a negative 
temperature coefficient, such that said predetermined 
value is lower with a higher temperature. 

15 

111. A method for providing a solid state switch 
coupled in series with a load and an outlet of AC 
power, comprising: 

providing a semiconductor switch coupled in 
20 series with said load, said semiconductor switch 

becoming conductor upon receiving a trigger signal 
at a control terminal, and becoming non-conducting 
when an AC signal of said AC power crosses zero 

volts ; 

25 providing a rectifier for rectifying said AC 

signal ; 

providing a first capacitor receiving said 
rectified signal, said first capacitor connected 
between said rectifier and said control signal; 

30 providing an initialization circuit including 

a diode and second capacitor in series between 
said control terminal and a ground reference, said 
second capacitor having a larger capacitance than 
said first capacitor; and 

35 initially providing said second capacitor in 

a discharged state, such that when said rectified 
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signal is shunted to ground reference through said 
diode and said second capacitor, such that said 
rectified signal charges said first capacitor to a 
charged state without creating said trigger 
5 signal. 

112. A method as in Claim 111, further comprising: 

providing a sensing circuit to provide an 
electrical signal when an external agent contacts 
10 an input terminal of said solid state switch; 

providing a discharging path for discharging 
said first capacitor when said semiconductor 
switch is conducting; and 

upon receiving said electrical signal, 
15 charging said second capacitor to a charged state 

through said diode, such that when said rectified 
signal charges said first capacitor, said charging 
creates in said control terminal said trigger 
signal to said semiconductor switch, whereupon 

2 0 said semiconductor switch becomes conducting and 

causes said discharging path to discharge said 
first capacitor, thus creating a feedback process 
regenerating said trigger signal. 

25 113. A method for providing an electrical switch 

with built-in over-voltage protection, comprising: 
providing a semiconductor switch circuit 
coupled in series with a load, said semiconductor 
circuit entering a conducting state when triggered 

3 0 by a trigger signal received at a control 

terminal, and entering a non-conducting state when 
a predetermined circuit condition is met, wherein 
said conducting state, the impedance across said 
semiconductor switch circuit is substantially less 
35 than the impedance across said load; and 
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providing a feedback circuit which provides 
said trigger signal when a voltage across said 
semiconductor switch circuit exceeds a 
predetermined value, said feedback circuit being 
5 provided with an internal latch circuit such that, 

once said trigger signal is provided, said 
feedback circuit continues to provide said trigger 
signal to maintain said semiconductor switch 
circuit in said conducting state. 
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SOLID STATE ELECTRICAL SWITCH 

Zhongdu Liu 

ABSTRACT OF THE DISCLOSURE 

A 2-terminal solid state electrical switch is 
provided which can be connected in series with a load 
device in a the same manner as a conventional 
mechanical -contact switch, does not leak current during 
an "OFF" state, and operates from a dynamic pulse run 
mode during an ''ON" state. The two-terminal solid 
state electrical switch of the present invention 
requires neither a power supply to operate, nor any 
mechanical movement and contact points. Consequently, 
no spark, arc or any mechanical noise is created in the 
solid state electrical switch's operation, nor does it 
corrode, thus allowing it to be used in a hostile 
environment. The solid state switch of the present 
invention can be put to uses not practical for 
conventional mechanical -contact switches, such as to 
control multi-appliances, as static circuit breakers, 
contactors and relays for fire-proof, explosion-proof, 
water-proof, anti -chemical , anti-corrosion, humidity 
resistant, dust resistant, anti -vibrations and heavy 
duty frequently operations. Further, a unique 
initialization circuit in the solid switch of the 
present invention resets the switch intelligently to a 
suitable operating mode after a power interruption, 
thus avoiding accidents that may endanger property and 
lives. The present invention also provides a highly 
isolated multi -point random remote control switch/relay 
suitable for wide industrial and other applications. 
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and joint inventor (if plural names are listed below) of subject matter (process, machine, manufacture, or 
composition of matter, or an improvement thereof) which is claimed and for which a patent is sought by 
way of the application entitled 

Solid State Electrical Switch 

which (check) ^ is attached hereto. 

Q and is amended by the Preliminary Amendment attached hereto. 

Q was filed on as Application Serial No. 

Q and was amended on (if applicable). 

I hereby state that I have .reviewed and understand the contents of the above identified specification, 
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I acknowledge the duty to disclose information, which is material to patentability as defined in Title 37, 
Code of Federal Regulations, § 1.56, 

I hereby claim foreign priority benefits under Title 35, United States Code, § 119(a)-(d) of any foreign 
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Filing Date 
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the manner provided by the first paragraph of Title 35, United States Code, § 112, I acknowledge the 
duty to disclose information, which is material to patentability as defined in Title 37, Code of Federal 
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national or PCT international filing date of this application: 



Application Serial No. 


Filing Date 
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(41,008); WilHam B. Tiffany (41,347); James E. Parsons (34,691); Daniel P. Stewart (41,332); Philip W. 
Woo (39,880); John T. Winbum (26,822); Tom Chen (42,406); Fabio E. Marino (43,339); WilHam W. 
Holloway (26,182); Elaine H. Lo (41,158); Don C. Lawrence (31,975); Marc R. Ascolese (42,268); 
Carmen C. Cook (42,433); David G. Dolezal (41,71 1); Roberta P. Saxon (43,087); Bemice Chen 
(42,403); Mary Jo Bertani (42,321); Dale R. Cook (42,434); Sam G. Campbell (42,381); Matthew J. 
Brigham (44,047); Glen B. Choi (43,546); Hugh H. Matsubayashi (43,779); Margaret M. Kehon 
(44,182); Joseph T. VanLeeuwen (44,383); William C. Cray (27,627); Patrick D. Benedicto (40,909); 
TJ. Singh (39,535); Shireen L Bacon (40,494); Rory G. Bens (44,028); and George Wolken, Jr. (30,441). 

Please address all correspondence and telephone calls to: 

Edward C. Kwok 
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information and belief are believed to be true, and all statements made herein are made with the 
knowledge that whoever, in any matter within the jurisdiction of the Patent and Trademark Office, 
knowingly and willfully falsifies, conceals, or covers up by any trick, scheme, or device a material fact, 
or makes any false, fictitious or fraudulent statements or representations, or makes or uses any false 
writing or document knowing the same to contain any false, fictitious or fraudulent statement or entry, 
shall be subject to the penalties including fine or imprisonment or both as set forth under 18 U.S.C. 1001, 
and that violations of this paragraph may jeopardize the validity of the application or this document, or 
the validity or enforceability of any patent, trademark registration, or certificate resulting therefi'om. 
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